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Can an antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOME I CAN 


(METHYLDOPA|MSD) 





ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 


gpvright ©1979 by Merck & Co., Inc 


IN ANTIHYPERTENSIVE THERAPY 


.ANSWERS ABOUT, 


Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 


(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac functior 
and lowers blood pressure usually without reducin; 
cardiac output. Rather, it appears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tends to 
increase). 


Hemodynamic Changes as Hypertension Progresses 





Established 
hypertension 


Borderline 
hypertension 


Congestive 
heart failure 


SEE Peripheral resistance ' 





ghe Cardiac output 


*adapted from Messerli and de Carvalho' 


This may be particularly important in hypertensives $ 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET. This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued. 


j TABLETS: 500 mg. 250 mg, and 125 mg 
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Can an antihypertensive 
be effective usually with- 
out further reducing 
renal blood flow? 


į ALDOMET CAN 


3 "(METHYLDOPA|MSD). 


! Glomerular filtration rate, 
filtration fraction, and 
renal blood flow are 
usually not reduced: 
therefore, ALDOMET is 
appropriate for many 
hypertensive patients 
with significantly im- 
paired renal function. Since the iuo. Is largely 
excreted by the kidney, patients with impaired renal 
function may respond to smaller doses. 


¿Will an antihypertensive 
‘generally allow a normal 
“Cardiovascular response 
to exercise? 


AALDOMET WILL 
KMETHYLDOPA|MSD) 


» Cardiac output and blood pressure normally increase 
t as the physical activities of the patient increase. 
ALDOMET does not significantly impair normal fluc- 
‘tuations of blood pressure during exercise.2:3 

This can be of importance to active hypertensive 
patients —such as athletic individuals or persons 

| whose work requires substantial physical effort. With 
` ALDOMET, exercise hypotension rarely occurs. 

L Sedation, usually transient, may occur during the 
initial period of therapy or whenever the dose is 
Increased. Headache, asthenia, or weakness may be 
Goted as early and transient symptoms. 





























Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


( METHYLDOPA T0) 





A recent study’ followed a group of patients on 
ALDOMET for ten years or more. The results suggest 
that ALDOMET is a highly effective medication for 
the long-term management of hypertension. 


It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur 
with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 
potentially fatal complications unless properly recog- 
nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979. 

2. Yasky J, Carosella C. Costa 0: Diagnosis of arterial hypertension by means of graduated ergometric test, 

in Zanchetti, A (ed): ALDOMET® (Melhyldopa/MSD) in Worldwide Clinical Experience, West Point, Pa, Merck 
Sharp & Doh me, 1979, pp 56-63. 

3. Mancia G, Ferrari A, dregorini G, el al: Effects of treatment with methyldopa on basal hemodynamics and on 
neural circulatory control, in Zanchetti, A (ed): ET i duri in Worldwide Clinical 
Experience, West Point, Pa, Merck Sharp & Dohme, 1979, pp 2 

4. Bulpitt CJ. Bulpitt PF. Clifton P et al: Review of case histories b; m maintained on methyldopa for 10 
years or more, in Zanchetti, A (ed): ALDOMET* RDDMNODU/MSE) in Worldwide Clinical Experience, West 
Point, Pa, Merck Sharp & Dohme, 1979, pp 164-169. 
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- Contraindications: Active hepatic disease, such as 
- acute hepatitis and active cirrhosis: if previous 
= methyldopa therapy has been associated with liver 
14 . disorders (see Warnings); hypersensitivity. 

—— Warnings: It is important to recognize that a 
. positive Coombs test, hemolytic anemia, and liver 
— ^^ disorders may occur with methyldopa therapy. The 
| . rare occurrences of hemolytic anemia or liver 
= . disorders could lead to potentially fatal complica- 
| tions unless properly recognized and managed. 
| Read this section carefully to understand these 
— . reactions. 

With prolonged methyldopa therapy. 10% to 20% of 
patients develop a positive direct Coombs test, 
I usually between 6 and 12 months of therapy. Lowest 
= . incidence is at daily dosage of 1 g or less. This on 
E . rare occasions may be associated with hemolytic 

anemia, which could lead to potentially fatal compli- 

cations. One cannot predict which patients with a 

positive direct Coombs test may develop hemolytic 

anemia. Prior existence or development of a positive 
direct Coombs testis not initself a contraindication to 
- use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in additio to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 

Atthe start of methyldopa therapy. itis desirable to do 

a blood count (hematocrit, hemoglobin, or red cell 

count) for a baseline or to establish whether there is 
P anemia. Periodic blood counts should be done 
¥ during therapy to detect hemolytic anemia. It may be 

— usefulto do a direct Coombs test before therapy and 

at 6 and 12 months after the start of therapy. If 
; Coombs-positive hemolytic anemia occurs, the 
f cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
. is usually ccated with gamma globulin of the IgG 
irr (gamma G) class only. The positive Coombs test may 

‘ not revert to normal until weeks to months after 

methyldopa is stopped. 
Should the need for transfusion arise in a patient 
c receiving methyldopa. both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
"A, direct Coombs test will be-positive. A positive direct 
i^ « Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum Creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itis important to recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
P. in patients with severe bilateral cerebrovascu- 
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lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation. flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido. dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or one: a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: this may be avoided by lower doses. 

How Supplied: Tablets. containing 125 mg methyl- 
dopa each. in bottles of 100; Tablets. containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 500. 
For more detailed information, con- M S D 
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sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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CASE-8O 
update program. 


The stress test system that continues to protect your 
investment in technology. 


The culmination of four years of extensive research and 
testing...the CASE-80 software program is now available to all 
CASE owners free of charge. 
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Serum K* and BUN should be checked periodically (see Warnings). 


: Before prescribing, see complete prescribing infor- 
da mation in SK&F Co. literature or PDR. brief 
* ç Summary follows: 





WARNING 


This drug is not indicated for initial therapy of 
p edema or hypertension. Edema or hypertension 

requires therapy titrated to the individual. If 
this combination represents the dosage so 
4 determined, its use may be more convenient in 
; patient management. Treatment of hyperten- 
sion and edema is not static, but must be 
reevaluated as conditions in each patient 
warrant. 


Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfon- 
amide-derived drugs. 


Warnings: Do not use potassium supplements, 
i dietary or otherwise, unless hypokalemia develops 
‘dg Or dietary intake of potassium is markedly impaired. 

i" If supplementary potassium is needed, potassium 
| tablets should not be used. Hyperkalemia can occur, 
and has been associated with cardiac irregularities. 
It is more likely in the severely ill, with urine 
volume less than one liter/day, the elderly and 
qae Wh SRSRRRRR er canticmed renal insufti- 
ciency Periodically. serum K* levels should be 
determined. if yperkaremia develops, substitute 
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a thiazide alone, restrict Kt intake. Associated 
widened QRS am pex or arrhythmia requires 
prompt additional therapy. Thiazides cross the 
placental barrier and appear in cord blood. Use in 
pregnancy requires weighing anticipated benefits 
against possible hazards, including fetal or neo- 
natal jaundice, thrombocytopenia, other adverse 
reactions seen in adults. Thiazides appear and 
triamterene may appear in breast milk. If their use is 
essential, the patient should stop nursing. Adequate 
information on use in children is not available. 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients vomit- 
ing excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics 
or those with suspected or confirmed renal insuffi- 
ciency. Watch for signs of impending coma in 
severe liver disease. If spironolactone is used 
concomitantly, determine serum K* frequently; 
both can cause K* retention and elevated serum 
K* . Two deaths have been reported with such 
concomitant therapy (in one, recommended dos- 
age was exceeded, in the other serum electrolytes 
were not properly monitored). Observe regularly 
for possible blood dyscrasias, liver damage, other 
idiosyncraticreactions. Blood dyscrasias have 
been reported in patients receiving triamterene., 
and leukopenia, thrombocytopenia, agranulocy- 
tosis, and aplastic anemia have been reported with 
thiazides. Triamterene is a weak folic acid antag- 
onist. Do periodic blood studies in cirrhotics with 


splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use 
cautiously in surgical patients. The following may 
occur: transient elevated BUN or creatinine or 
both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altered), hyperurice- 
mia and gout, digitalis intoxication (in hypokalemia), 
decreasing alkali reserve with possible metabolic 
acidosis. Dyazide' interferes with fluorescent 
measurement of quinidine. 


Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity 


Adverse Reactions: Muscle cramps, weakness. 
dizziness, headache, dry mouth; anaphylaxis, rash. 
urticaria, photosensitivity, purpura, other dermat- 
clogical conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneumo- 
nitis have occurred with thiazides alone 
Triamterene has been found in renal stones in 
association with other usual calculus components 


Supplied: Bottles of 1000 capsules; Single Uni: 
Packages (unit-dose) of 100 (intended for institu- 
tional use only); in Patient-Pak™ unit-of-use bottles 
of 100. 
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INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


No matter 
how close 






Possibly” effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 


Final classification of the less-than-effective indica- 
tions requires further investigation 






CONTRAINDICATIONS—No specific 
contraindications are known 


PRECAUTIONS — Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS — Adverse reac- 


tions are minimal and transient at 


wouldnt you 
rather have the 


original? 





recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope. mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms. 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 





Lee Boltin/Metropolitan Museum of Art 


ipyridamole. 
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three times a day, taken at least one 
hour before meals. in some cases 
higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage Clinical response may not be 
evident before the second or third 
month of continuous therapy 


Tablets of 25 mg and 75 mg 


For complete details, please see the ful 
prescribing information 
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For patients who need K CI- 
one sparkles bright: 


Each packet (2.8 g) provides 20 mEq eac 
of potassium and chloride supplied by 
: potassium chloride 1.125 g, potassium 
bicarbonate 0.5 g, and L-lysine mono- 
ff hydrochloride 0.913 g. 


SRAREING 
FAST 


DISSOLUTION 


e ready in seconds instead of minutes 
— fast dissolution so unique it’s patented* 


pleasant citrus flavor 


. each packet delivers 20 mEq of potassium 
and chloride 


easily carried in patient's pocket or purse 


can be mixed with water or other liquid for 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS saidid 


Please see brief summary of prescribing information on adjoining page. 


"U.S. Pat. No. 4,093,710 


C: 1979 Dorsey Laboratories’ Division of Sandoz, Inc 





Give your patients 
the KLORVESS sparkle 


Klorvess? Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Kiorvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults — One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 1095 Liquid: Adults—One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules— packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules— packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 
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(ISOSORBIDE DINITRATE) omg.or 10 mg. 


dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 








«| Indications: Based on a review of this drug by The 
National Academy of Sciences — National Re 
search Council and/or other information, FDA has 
classified the indications as follows: 

"Probably" effective: The chewable dosage form 
of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 


* Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 





nitrates may occur 

Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear às therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension: individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect): drug rash and/or 
exfoliative dermatitis. 

This drug can act as a physiological! antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 





severe with chewable doses as low as 5 ma., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE* (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 
Division of ICI Americas Inc. 
Wilmington, DE 19897 
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CLINICAL STUDIES 


1 Natural History of Left Ventricular Function During 1 Year After Acute Myocardial Infarction: 
Comparison With Clinical, Electrocardiographic and Biochemical Determinations 


JEFFREY S. BORER, DOUGLAS R. ROSING, RONALD H. MILLER, ROBERT M. STARK, 
KENNETH M. KENT, STEPHEN L. BACHARACH, MICHAEL V. GREEN, CHARLES R. LAKE, 
HOWARD COHEN, DAVID HOLMES, DENNIS DONOHUE, WILLIAM BAKER and 

STEPHEN E. EPSTEIN 


Despite large individual variations for the group as a whole, both resting and exercise ejection fractions immedi- 
ately before hospital discharge correlated with the frequency of ventricular premature beats and the degree of 
complexity of ventricular arrhythmias in 45 patients with acute myocardial infarction studied 1 day before and 
6 to 14 months after hospital discharge. The presence of a low ejection fraction reliably predicted the presence 
of complex arrhythmias. Within 2 to 3 weeks after myocardial infarction the ejection fraction in most patients 
varied little from rest to submaximal exercise. Almost all patients with an ejection fraction less than 35 percent 
also had complex arrhythmias. Interestingly enough, these data suggested that arrhythmias may not represent 
a risk factor independent of the risk imposed by impaired left ventricular function. Finally, although left ventricu- 
lar function showed no significant variation either at rest or during submaximal exercise over 6 to 14 months 
after infarction, a capacity for improvement in myocardial function did exist, at least in patients with less exten- 
sive ischemic damage, possible by the progressive development of collateral vessels. 


13 Isolated Stenosis of Left Anterior Descending or Right Coronary Artery: Relation Between Site of 
Stenosis and Ventricular Dysfunction and Therapeutic Implications 


ANDREW G. KUMPURIS, MIGUEL A. QUINONES, DONNA KANON and RICHARD R. MILLER 


This study of 200 patients with stenosis confined to either the left anterior descending or right coronary artery 

x and of 15 normal control subjects concludes that stenosis of the left anterior descending coronary artery is a het- 
erogeneous disease, the extent of jeopardized myocardium is highly dependent on the site of stenosis, and the 
criteria for bypass surgery cannot be applied uniformly. In contrast to myocardial infarction resulting from steno- 
sis confined to the left anterior descending artery, infarction consequent to stenoses of the proximal and mid 
portions of the right coronary artery only alters modestly global left ventricular systolic performance. The site 
of isolated stenosis of the right coronary artery, unlike that of the left anterior descending artery, does not deter- 
mine the extent of left ventricular dysfunction and is unrelated to prognosis as influenced by pump function. It ap- 
pears that coronary bypass grafting for isolated stenosis of the right coronary artery is unjustified as a means of 
improving survival whereas there is an objective rationale for bypass of stenosis of the proximal left anterior de- 
scending coronary artery to preserve myocardium and extend longevity. 


21 Identification of Patients With Left Main and Three Vessel Coronary Disease With Clinical and 
Exercise Test Variables 


DONALD A. WEINER, CAROLYN H. McCABE and THOMAS J. RYAN 
Combining several exercise test variables as was done in this study of 436 patients facilitates the detection of 
severe coronary disease, but the specific presence of left main coronary disease remains unpredictable even 


with this approach. In general, patients with left main coronary artery disease had an earlier onset of S-T seg- - Em 

ment depression which was more prolonged and appeared in a greater number of electrocardiographic leads 

than did patients with the three vessel coronary disease. Exercise-induced hypotension was of little help in de- r 

tecting patients with left main coronary disease because it had low sensitivity (23 percent) and predictive value = 

(23 percent). These results support the view that the exercise test should be regarded semiquantitatively rather 

than qualitatively. E 
continued on page A16 
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When compliance with liquid K 


supplements is a problem* 


The textbook treatment 


A patient doesn’t have to be a 
gourmet to reject the bad taste of liquid 
potassium. The problem— 
and the way to avoid it with 
Slow-K—is precisely defined 
by a leading cardiology 
textbook: | 

"All liquid potassium 
preparations are associated 
with some incidence of un- 
pleasant side effects such as 
unpalatability, nausea, vomit- 
ing, abdominal cramps, and 
occasionally diarrhea." 

However, Slow-K 
^... appears to have greater 
patient acceptability than 
comparable doses of liquid potassium 
chloride compounds.” 


Easy to carry... easy to take 


With Slow-K tablets there are no 
bottles to carry around, nothing to 
measure, and nothing to mix. Con- 
venience means better compliance, and 
Slow-K can be taken at mealtime—or 
anytime. Many patients may prefer to 
take four or six Slow-K tablets a day 
than to take an equal dosage of liquid 
potassium.’ 


Less GI disturbance 
than liquid K 


One comparative study found 
that Slow-K caused less nausea, heart- 





burn, and diarrhea than liquid KCl 
preparations." 


"Salt of choice" (KCI) 


Slow-K gives the patient the "salt of 
choice"'— potassium chloride—to cor- 
rect the hypokalemic alkalosis that may 
result after long-term use of diuretics. 


*Slow-release potassium chloride 
tablets should be reserved for patients 
who cannot tolerate, refuse to take, 
or have compliance problems 
with liquid K preparations because of 
reports of GI ulceration and bleeding 
with slow-release KCI tablets (total 
number of GI lesions in both foreign 
countries and the United States 
remains less than one per 100,000 
patient-years). The incidence of lesions 
with enteric-coated KCI tablets 
is 40-50 per 100,000 patient-years. 
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SLOW-K* + Es e 
potassium chloride slow-release tablets 


DESCRIPTIÓN 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
sium within the gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients witn hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium 
IS inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites: states o! 
aldosterone excess with normal renal function; potassium-losing nephropathy, 
and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, anc, if hypokalemia occurs, dietery supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with potassium salts may be indicated 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a *urther increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg, spironolactone, triamterene) 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract In these instances, potassium supplementation should be with a 
liquid preparation 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium. 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate.dosage adjustment 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing Ciuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowe! and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall anc thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wa!l. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100 000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The totai number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletfon is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion. particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, and ciarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. 
Skin rash has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the tctal body store 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 

Note: Slow-K slow-release tablets must be swallowed whole and never 
crushed or chewed 
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(quinidine gluconate 


CONTRAINDICATIONS: 

Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, or 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects. 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement, particu- 
larly with congestive failure, poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 
In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a pro ive reduction in the degree 
A-V block to a 1:1 ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 
The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously, 
if at all, to senile patients. 

Hospitalization for close clinical observa- 
tion, electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE qr! ies 
Symptoms of cinchonism, ringing in 
cage helado nausea, dist 
vision may ap in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac — ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia. 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting. 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia, 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement, 
confusion, delirium and syncope. dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 

rsensitivity Reactions: Angio- 
ema, acute asthmatic episode. vascu- 
lar collapse, respiratorv arrest. 

See package insert for full information. 


BERLEX e: 


Cedar Knolls, New Jersey 07927 





9324 mg 


(quinidine gluconate) 


when the arrhythmic patient 
requires long-term 
maintenance therapy 


Please see facing column 
for brief summary information. 
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28 Transient Electrocardiographic Changes in Patients With Unstable Angina: Relation to Coronary 
Arterial Anatomy 


SILVIO E. PAPAPIETRO, GARY S. NIESS, THOMAS D. PAINE, JOHN A. MANTLE, 
CHARLES E. RACKLEY, RICHARD O. RUSSELL, Jr. and WILLIAM J. ROGERS 


All 97 patients with coronary artery disease and unstable angina maintained sinus rhythm during their chest pain. 
Heart rate increased significantly in 61 percent and was unchanged or decreased in 39 percent of the patients 
during pain. The S-T segment became elevated in 42 percent and depressed in 55 percent of the patients. The 
magnitude of S-T elevation was related to the extent of underlying coronary disease, the type and distribution of 
the repolarization changes reflecting the location and severity of the atherosclerotic process. In patients with 
single vessel disease the type and location of the S-T segment changes were closely related to the involved cor- 
onary artery. 


34 Left Ventricular Function During Spontaneous Angina Pectoris: Effect of Sublingual Nitroglycerin 


BIM SHARMA, MORRISON HODGES, RICHARD W. ASINGER, JOHN F. GOODWIN and GARY S. 
FRANCIS 


Global and regional left ventricular function assessed during spontaneous angina pectoris in 14 patients revealed 
marked systolic and diastolic dysfunction of the left ventricle characterized by decreases in stroke index and 
ejection fraction and increases in left ventricular end-systolic and end-diastolic volumes and left ventricular fill- 
ing pressure, and the development of new areas or extension of already existing areas of abnormal wall motion 
in all 14 subjects. Nitroglycerin restored global and regional left ventricular function to normal. Selective coro- 
nary angiography revealed significant lesions (70 percent obstruction of luminal diameter or more) in two or 
three vessels in all patients. During spontaneous angina there was a reasonable correlation between hemody- 
namic and electrocardiographic evidence of myocardial ischemia. 


42 Comparison of Amount of Myocardial Cell Disorganization in Operatively Excised Septectomy 
Specimens With Amount Observed at Necropsy in 18 Patients With Hypertrophic Cardiomyopathy 


JEFFREY M. ISNER, BARRY J. MARON and WILLIAM C. ROBERTS 


These data demonstrate histologic examination of operatively excised septectomy specimens is of limited value 
in confirming the diagnosis of hypertrophic cardiomyopathy. Disorganization extensive enough (5 percent or 
greater) to suggest hypertrophic cardiomyopathy was present at necropsy in 16 of 18 patients but in only 6 of the 
operative specimens. The mean area of disorganization at necropsy was 20 + 3 percent compared with 7 + 2 
percent in the operative specimens. Thickened intramural coronary arteries in the ventricular septum were ob- 
served in only 3 (17 percent) of the operative specimens and in 12 of the necropsy specimens. 


48 Frequency Spectrum of the Aortic Component of the Second Heart Sound in Patients With Normal 
Valves, Aortic Stenosis and Aortic Porcine Xenografts: Potential for Detection of Porcine 
Xenograft Degeneration 


PAUL D. STEIN, HANI N. SABBAH, JEFFREY B. LAKIER and SIDNEY GOLDSTEIN 


Phonocardiographic analysis of the frequency spectrum of the aortic component of the second sound (A2) in 77 
patients shows the association of a higher than normal frequency of the A» with a stiffened valve, as in aortic 
stenosis. This is predictable on the basis of factors that affect the frequency of valve vibration and pressure fluc- 
tuations productive of sound. The dominant frequency of A» in patients with a normal aortic valve (53 + 3 hertz), 
was significantly lower than in patients with calcific aortic stenosis (87 + 5 hertz). The dominant frequency of 
A» was 48 + 5 hertz in patients with an aortic porcine xenograft implanted for 18 months or less and 81 + 4 
hertz for a xenograft in place 5 to 7.5 years. Thus, an increased dominant frequency of A» in patients with a por- 


f io cine aortic valve suggests the presence of increased stiffness of the leaflets as a result of degenerative 
changes. 
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Treatment of 
mild hypertension 
can save lives 


Even among patients with DBP in the low 90s, 
systematic therapy significantly 
reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertension 
Detection and Follow-up Program, slightly more than 7096 had 
mild hypertension (DBP 90-104 mm. Hg9).' 


m Half were given systematic and aggressive care in HDFP cen- 
ters; half were referred to customary sources of medical care. 


m After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 2096. 


i As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton*? 


The primary agent used by the HDFP 
in an effective low dose 
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Hygroton 25:5, 


(chlorthalidone USP) = - 


Because theres nothing mild 
about mild hypertension 


BRIEF SUMMARY related drugs may decrease arterial responsiveness to norepinephrine. If progressive renal impairment becomes 
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Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. 
There is a possibility of exacerbation or activation of Systemic lupus erythematosus with thiazides, which are 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placenta! barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing. 
Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
performed at appropriate intervais. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
ay occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 

ients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 


The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chiorthalidone and 





mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine. 


evident, as indicated by a rising nonprotein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn. 

Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 


References: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratories. 
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For All Your lemporary 





Pacing Needs... 
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our Best 


esource, 
Elecath. 





Because we specialize, you can cathe- 
terize better. Easier handling, faster, more 
accurate placement are the direct results 
of being able to choose from an extensive 
line of innovative Elecath designs. 


Elecath offers you: 
Temporary Pacing Without Fluoroscopy 
e Emergency Transthoracic Pacing Kits 
e Balectrode^ Balloon-Guided Flow- 
Directed Pacing Kits 
e Torkfloat '" Semi-Floating Pacing Kits 


Temporary Pacing With Fluoroscopy 
e Torkpace™ Standard Pervenous Probes 
e HIS Bundle Probes 


The choice is yours and it's an excellent 
one when you select Elecath. To aid you in 
your selection, please write us for copies 
of our new detailed literature. 


Elecath. 
Your Best Resource For 
Innovative Cardiovascular 
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ELECATH 


Complete kits put everything 
you need at your fingertips, for 
quicker, surer placement 


For example, our Balectrode* 

Sterile Kit includes: 

e 3F or 5F Balectrode Bipolar 
Balloon Pacing Probe 

e Vented disposable syringe for 
balloon inflation 


e Introducing assembly for per- 
cutaneous insertion of probe 
e EKG adapter to connect probe 
to electrocardiograph during 

placement procedures 


ELECTRO-CATHETER CORPORATION 


2100 Felver Court, 


Rahway, New Jersey,07065,U.S.A. 
For the name of your nearest distributor, 
Call: (800) 526-4243. In N.J. (201) 382-5600 


A complete family of precision cardiac 
catheters for all of your hemodynamic 
monitoring and temporary pacing needs. 
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953  Electrocardiographic Determinations of Axis During Left Bundle Branch Block: Study in Patients With 
Intermittent Left Bundle Branch Block 


STEVEN SWIRYN, RICHARD ABBEN, PABLO DENES and KENNETH M. ROSEN 


Examining the frontal plane QRS axis during “normal conduction" and during left bundle branch block in 231 pa- 
tients with intermittent left bundle branch block, these investigators found underlying left anterior hemiblock did 
not account for the presence of left axis deviation during left bundle branch block in most patients, although a 
small but significant correlation was found between the QRS axis during left bundle branch block and “normal” 
conduction. Most patients with left axis deviation during conduction had left axis deviation during left bundle 
branch block. However, left anterior hemiblock during normal conduction was an uncommon finding in patients 
with left axis deviation during left bundle branch block. 


EXPERIMENTAL STUDIES 


59 Comparative Effects of Catecholamines in Cardiac Tamponade: Experimental and Clinical Studies | 
JAMES B. MARTINS, WALTER J. MANUEL, MELVIN L. MARCUS and RICHARD E. KERBER k 


Examining changes in blood flow to critical organs produced by dopamine, isoproterenol and norepinephrine in 
nine animals with experimental cardiac tamponade and the hemodynamic effects of these agents in eight pa- 
tients with cardiac tamponade due to neoplasm before therapeutic pericardiocentesis, this study finds that cate- 
cholamines improve hemodynamics in experimental tamponade but the heart is the only critical organ to which 
blood flow is increased. The hemodynamic benefits of catecholamine administration to patients is limited. Cardi- 
ac output increased only 50 percent with dopamine and isoproterenol and not at all with norepinephrine. Cardiac 
filling pressure did not decrease with isoproterenol or dopamine, as in experimental tamponade. Only norepi- 
nephrine increased arterial pressure. No drug significantly increased brain or renal perfusion. Increased myocar- 
dial blood flow due to isoproterenol was significantly less in the endocardium than in the epicardium. Pericardio- 
centesis or surgical drainage, rather than catecholamines, is the definitive therapy for tamponade and should be 
undertaken as quickly as possible. 


67  Subepicardial Vasodilator Reserve in the Presence of Critical Coronary Stenosis in Dogs 


KIM P. GALLAGHER, JOHN D. FOLTS, RONALD J. SHEBUSKI, JOHN H. G. RANKIN and 
GEORGE G. ROWE 


Critical coronary stenosis describes obstruction that eliminates reactive hyperemia presumably because down- + 
stream arterioles have dilated maximally to compensate for a proximal stenosis. Data in six open chest, anes- 

- thesized dogs indicate that arteriolar vasodilator reserve persists in the presence of proximal critical stenosis 
but the vasomotor capacity is limited primarily to the outer layers of the myocardium. This implies that a type of 
"coronary steal" may occur across the ventricular wall. Subepicardia! vasodilation, following intracoronary 
adenosine infusion or brief coronary occlusion, led to a '"'steal'' of perfusion pressure necessary for the mainte- 
nance of subendocardial perfusion. 


74 Salvage of Ischemic Myocardium by Ibuprofen During Infarction in the Conscious Dog 
BODH |. JUGDUTT, GROVER M. HUTCHINS, BERNADINE H. BULKLEY and LEWIS C. BECKER 


Ibuprofen, a nonsteroidal anti-inflammatory drug, decreased the size of infarction experimentally produced by 

occlusion of the left circumflex coronary artery in conscious dogs, both as percent of the left ventricle and as 

percent of the occluded bed. Morphologically, ibuprofen salvaged myocardium in both lateral and epicardial re- 

gions of the occluded bed. Additional data indicate that protection of the ischemic myocardium by ibuprofen was 

not due to changes in collateral flow or myocardial oxygen demands but rather to its cellular and metabolic ef- r 
prs fects associated with its anti-inflammatory and prostaglandin-inhibiting properties. 


continued on page A26 


Buy the EK:S now 
and receive 
enough ECG supplies 


to reward you with 


$9000 


potential income. 
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Make your purchase before August 1, 1980 and egi sci" Fic fem ete GE AP AL 
we'll include enough Burdick ECG supplies to produce 150 ! BURDICK 
y electrocardiograms. And if you charge $20.00 per ECG, i 
" that means $3,000 potential income, more than enough to | 
cover the cost of the EK-8. : 
The Burdick EK-8 is fully automatic, requires only - 
37.4 seconds to record a complete 12-lead ECG. And the l 
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j The Burdick Corporation, , 
A concern for cardiac Care. Milton, Wisconsin 53563 


Tell me more about your EK-8 REWARD offer. 








(racing is ready for immediate mounting on Burdick's self- Name M 
ad&esive mounts. A time-saver and much more. And now 
{s available with everything it needs to pay for itself. Address 

Take advantage of this special offer. Mail this . * 
‘coupon or call toll-free today 800-356-0701. (In Wis. call City — — — — — — — — — State — — —, — —4P-— —. 
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THEY 
ONLY TASTE 
THE WATER 


The plain truth about potassium supplements— 
many patients just dont take them 
Many patients just can’t take liquid or effervescent prepa- 
rations day after day, no matter how they are diluted or the 
taste is disguised. Thus, in the long run, they fail to get the 
potassium they need. 


Helps solve compliance problems two ways 
KAON-CL TABS have no taste or after-taste, no matter 
how long they are taken. 

KAON-CL TABS are easy to remember, with a simple 
t.i.d. dosage schedule and ready portability. 


Minimizes likelihood of Gl complications 
Each KAON-CL TABS tablet provides 500 mg KCl (6.7 


mEq) in a special wax matrix which controls release of 
potassium chloride over several hours. Thus, the likeli- 
hood of high localized concentrations of KCI in the GI 
tract is minimized. The reported frequency of GI lesions 
with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of 
GI bleeding reported with KAON-CL TABS to date and 
no reports of small bowel stenosis or ulceration. However, 
clinical experience is insufficient at this time to indicate 
that the incidence is other than the stated numerical ratio. 


2 
Patients stay on PA A, 4 


KAON-CLTABS 


(potassium chioride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 
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BRIEF SUMMARY ’ i | 

KAON.CI TABS? (potassium chloride) Tet Se EM | 
Controlled Release Tablets cp ae VT 
Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- Indications and Usage: Symptomatic relief of anxiety. tension, agitation, irritability and 


ing mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
wax matrix. This formulation is intended to provide a controlled release of associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
itum pr a Liege e= to veu E Kneibond. of iioducag high toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
Indications: BECAUSE F IN AL AND GASTRIC cuore 
DIETT EY pct AMA De pete SLOW RELEASE ee got en Effectiveness in long-term use. i e., more than 4 months, has not been assessed by system- 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 
POR TER EN PODIUM PREPARARCNG ue Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
WITH THESE PREPARATIONS. acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
l. EN uci ap a in patients wis Moor Hm js unos peer ie diminished tolerance for alcohol and other CNS depressants. 
alkalosis, in digitalis intoxication and in patients with hypokalemic fami Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- - 
riodic paralysis. i j - 
2. For the prevention of potassium depletion when the dietary intake is turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
inadequate in the following conditions: Patients receiving digitalis and (including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
aldosterone excess with normal renal function, potassium-losing nephro- when on benzodiazepines because of their predisposition to habituation and dependence. 
pathy, and with certain diarrheal states. i) Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
3. Leica eget ofer unecessary S pues ww “ot pti Pa azepines taken continuously at therapeutic levels for several months. 
normal dietary pattern. Serum potassium should be checked periodically, Precautions: In depression accompanying anxiety, consider possibility for suicide. 
however, and if hypokalemia occurs, dietary supplementation with potas- For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sium-containing foods may be adequate to control milder cases. In more sedation. 
severe cases supplementation with potassium salts may be indicated. Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 


Contraindications: Potassium supplements are contraindicated in patients with 


hyperkalemia since a further increase in serum potassium concentration in such symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 


atients can produce cardiac arrest. Hyperkalemia may complicate any of the sional convulsions. 

llowing conditions: Chronic renal failure, systemic acidosis such as diabetic Observe usual precautions with impaired renal or hepatic function. 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
spironolactone, triamterene). fant 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 

ation in certain cardiac patients ee a esophageal compression due to enlarged left Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
atrium. Potassium supplementation, when indicated in such patients, should be 6mg kg day No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 
with a liquid preparation. therapeutic dose of 10mg/day). Effect was reversible only when treatment was withdrawn within 
_ All solid dosage forms of potassium chloride supplements are contraindicated 2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
in any patient in whom there is cause for arrest or delay in tablet passage ee longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
the gastrointestinal tract. In these instances, potassium supplementation shou of upper G I. disease 


be with a liquid preparation. 


Warnings: Hyperkalemia—In patients with impaired mechanisms for excretin Safety and effectiveness in children under 12 years have not been established. 


potassium, the administration of potassium salts can produce hyperkalemia a ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac. M 
EE ue E bor aie al. Magereeaes Nelo asl. dà palum or de elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
i venous i 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use are recommended during longtermitherapy. 
of potassium salts in patients with chronic renal disease, or any other condition CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
gh impairs potassium excretion, M ieri pagicuse’y om ul monitoring of effects when administered with such medications as barbiturates or alcohol. 
e serum tassium concentration and appro riate dosage adjustment. 3 : R ; 
eic with Potassium-Sparing Denans Mypoka a should not be CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
treated by the concomitant administration of potassium salts and a potassium- rats during an 18-month study. No studies regarding mutagenesis have been performed. 
sparing diuretic (e.g., spironolactone or triamterene) since the simultaneous PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 


administration of these agents can produce severe hyperkalemia. 
Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 


Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 


by a high localized concentration of potassium ion in the region of a rapidly dosage. Although all these anomalies were not present in the concurrent control group, they 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
tablet formulated to provide a controlled rate of release of potassium chloride and doses Clinical significance of these findings is not known. However, increased risk of congeni- 
thus a wea pes n 1 Vd of a high local snp is se dam er xtra pea tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
near the bowel wall. While the reported frequency of small bowel lesions is mu meprobamate) during first trimester of pregnancy has been suggested in several studies. 


less with wax-matrix tablets (less than one per 100,000 patient years) than with 


enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
associated with wax-matrix tablets have been reported both in foreign countries should almost always be avoided. Possibility that a woman of child-bearing potential may be 
and in the United States. In addition, perhaps because the wax-matrix prepara- pregnant at institution of therapy should be considered. Advise patients if they become preg- 
tions are not enteric-coated and release potassium in the stomach, there have nant to communicate with their physician about desirability of discontinuing the drug. 

been reports of upper gastrointestinal bleeding associated with these products. In humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 


The total number of gastrointestinal lesions remains less than one per 100,000 


patient years. Kaon-Cl Tabs should be discontinued immediately and the and its glucuronide, 


possibility of bowel obstruction or perforation considered if severe vomiting, NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
abdominal pain, distention or gastrointestinal bleeding occurs. benzoCiazepines. As a general rule, nursing should not be undertaken while on a drug since 
Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should many drugs are excreted in milk. 


be treated with an alkalinizing potassium salt such as potassium bicarbonate, 


potassium citrate, potassium acetate, or potassium gluconate. Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 


utions: The diagnosis of potassium depletion is ordinarily made by disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 5 
demonstrating hypokalemia in a patient with a clinical history suggesting some patients. most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
cause for potassium depletion. In interpreting the serum potassium level, the weakness (4.296) and unsteadiness (3.496). Less frequent are disorientation, depression, nau- 
physician should bear in mind that acute alkalosis per se can produce hypokalemia sea, change in appetite. headache, sleep disturbance, agitation, dermatological symptoms, eye 


in the absence af a deficit in total body potassium while acute acidosis per se can 


increase the serum potassium concentration into the normal range even in the function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
presence of a reduced total body potassium. The treatment of potassium dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis have been noted but are not clinically significant, probably being related to relief of anxiety. 


requires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 


Overdosage: in management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 


are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
due to irritation of the gastrointestinal tract and are best emere d by diluting the ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
preparation further, taking the dose with meals, or reducing the dose. with Levarterenol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined. 


e most severe adverse effects are hyperkalemia (see Contraindications, 
Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 


ration (see Warnings). ® 
Overdosage: The administration of oral potassium salts to persons with normal an (V, 
excretory mechanisms for potassium De causes serious hyperkalemia. How- f 


ever, if excretory mechanisms are impaired or if potassium is administered too r (lorazepam) 


rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 






PEA hon Ie e pomis include muscle-paralysis and cardiovascular col- Dosage: Individualize for maximum beneficial effects. Increase dose 
TOR compar so e if ype include the following: — d gradually when needed, giving higher evening dose before increasing 
Pee a Le ot MM daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or Li.d.; dosage X. 
2: Perge iniu of eue to xs pang ve lg aaa solution may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
containing 10-20 units of crystalline insulin per 1,000 ml. 
3. Correction of acidosis, if present, with viaa cu sodium bicarbonate. tated, initially 1-2mg/ day; insomnia due to anxiety or transient situa- 
4. Use of exchange resins, hemodialysis, or peritoneal dialysis. tional stress, 2-4mg h.s. 
In treating hyperkalemia, it should be recalled that in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration How Supplied: 0.5, 1.0 and 2 .Omg tablets 
. , . . 


can produce digitalis toxicity. 
Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and "1000. 


Stat-Pak® (unit dose) 1005. Wyeth Laboratories . 
WARREN-TEED LABORATORIES Philadelphia. PA 19101 l 
DIVISION OF ADRIA LABORATORIES INC. Copyright © 1979, Wyeth Laboratories 
COLUMBUS, OHIO 43215 018001 Div. of AHPC. N Y. N Y All rights reserves E 
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The anxious heart. sin. anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

In addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics"*...usually well 
tolerated...simple to use on a 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 





See important information on preceding page. 
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83 Coronary Steal-Induced Increase in Myocardial Infarct Size After Pharmacologic 
Coronary Vasodilation 


DAVID C. WARLTIER, GARRETT J. GROSS and HAROLD L. BROOKS with the technical assistance 
of MARK G. ZYVOLOSKI 


Following myocardial infarction produced by a 2 hour occlusion and reperfusion of the distal left anterior de- 
scending artery in anesthesized dogs, the intravenous administration of the coronary vasodilator, chromonar, 
significantly increased blood flow to nonischemic regions and concomitantly decreased flow to ischemic areas. 
Infarct size measured histochemically with the nitroblue tetrazolium technique indicated in control experiments 
7.2 + 2.4 percent of the left ventricle was infarcted and infarction was limited primarily to subendocardial re- 
gions; in chromonar-treated dogs the infarct size was significantly greater, 14.0 + 2.3 percent of the left ventri- 
cle and more severe in the subendocardium but also extending transmurally to involve subepicardial regions. 
These and other observations demonstrate that maximal coronary vasodilation of nonischemic areas can cause 
an extension of myocardial infarction by coronary ''stea!" of collateral blood flow away from the ischemic region 
even in the absence of coronary stenosis. When vasodilators are used as unloading agents in clinical myocardial 
infarction the dose is usually smaller; however, if multivessel coronary disease is present, doses much smaller 
than those used in this study may produce a coronary steal and a subsequent increase in infarct size. 


METHODS 


Left Main Coronary Arterial Patency Assessed With Cross-Sectional Echocardiography 


PREMINDRA A. N. CHANDRARATNA and WILBERT S. ARONOW with the technical assistance of 
KATHI MURDOCK and HELEN MILHOLLAND 


This prospective cross-sectional echocardiographic study of 123 patients scheduled for coronary arteriography 
shows: (1) When the left main coronary artery is visualized with cross-sectional echocardiography, the presence 
or absence of more than 50 percent stenosis of this vessel can be assessed. (2) Stenosis of the proximal left an- 
terior descending coronary artery may mimic a distal left main coronary arterial stenosis. Four of five patients 
with left main coronary calcification had technically satisfactory echocardiographic demonstration of left mein 
coronary stenosis. Five of the 10 patients aged 55 or older had coronary calcification. Technical difficulties in 
visualizing the left main coronary artery in a significant proportion of patients and the inability in some patierts 
to distinguish between stenosis of the proximal left anterior descending artery and that of the left main artery are 
limitations of the technique. 


95 Application of Transesophageal Echocardiography to Continuous Intraoperative Monitoring of Left 
Ventricular Performance 


MASAYUKI MATSUMOTO, YASU OKA, JOEL STROM, WILLIAM FRISHMAN, ALAN KADISH, 
* RONALD M. BECKER, ROBERT W. M. FRATER and EDMUND H. SONNENBLICK 


Transesophageal M mode echocardiography used for continuous monitoring of left ventricular dimensions in 21 
patients confirmed the validity and usefulness of this method to monitor changes in ventricular function during 
anesthesia and open heart surgery. This method provides a readily accessible, stable location for continuous 
cardiac evaluation which does not interfere with the operation. Surgical correction in patients with valve insuffi- 
ciency and left ventricular volume resulted in a significant increase in cardiac output, a marked reduction in left 
ventricular end-diastolic dimension, a decrease in left atrial pressure and large increase in wall stress and end- 
diastolic stiffness. Both the sternum and the pericardium appear to play important roles in limiting the left ven- 
tricular diastolic size and in contributing to the significant decrease in cardiac output following their closure at 
the end of the operation. 


PEDIATRIC CARDIOLOGY 


106 Variant of Tetralogy of Fallot With Absent Pulmonary Valve Leaflets and Origin of One Pulmonary 
Artery From the Ascending Aorta 


A. LOUISE CALDER, PETER W. T. BRANDT, BRIAN G. BARRATT-BOYES and JOHN M. NEUTZE 


This paper presents three case reports of infants with tetralogy of Fallot associated with previously unreported 
syndrome of absent pulmonary valve leaflet and anomalous origin of a pulmonary artery from the ascending 
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For patients with hard, dry stools Provides DSS, the classic stool softener 

Hard, dry stools hurt, and may be hazardous DSS in SENOKOT-S Tablets complements the 

by causing straining. SENOKOT-S Tablets offer laxative effect of standardized senna concentrate 

comfortable relief by softening the stool and by "moistening" and softening the stool for 

stimulating its movement. smoother and easier passage. 

Provides standardized senna concentrate, Comfortable overnight action A 

a clinically established laxative of choice With DSS and standardized senna concentrate, 

Standardized senna concentrate is a gentle, SENOKOT-S Tablets provide both softness and 

effective neuroperistaltic stimulant with documented stimulation for constipated patients with hard, dry 

effectiveness in thousands of patients. Its virtually stools. Taken at bedtime, SENOKOT-S Tablets 

colon-specific, gentle, predictable action is generally usually induce predictable, comfortable evacuation 
* free of side effects at proper dosage levels. the next morning. i 


Purdue Frederick 
© Copyright 1979, The Purdue Frederick Company / Norwalk, CT 06856 








Lopressor . 
toprolol tartrate 


~x An antihypertensive 
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LOPRESSOR 


~ metoprolol tartrate 


beta-blocking agent 
Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vitai component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be 
and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 


Still the most 
significant clinical 
advance in 
beta-blocker 
antihypertensive 
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tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
Sen)” interval. (See Dosage and Administra- 
ion. 
Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (€.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or-marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed 


Nursing Mothers: |t is not known whether this drug 
Is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 





Usage in Children: Safety and effectiveness in 
children have not been established 


Adverse Reactions Most adverse effects heve 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
nave occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; palpitations anc con- 
gestive neart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (2ronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less 


Allergic: Pruritus has occurred in less than 1 of 100 
patients 


Miscellaneous: Peyronie s disease has beer re- 
ported in less than 1 of 100,000 patients. 


The-oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been ra- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
dances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated bleod 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparen: after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughou: the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring biood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopresscr is increased. 

This drug should be stored at controlled room tem- 
perature and protected frcm moisture. 

How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(cepsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Stcre at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
667292 C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see fuill 
prescribing information. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


326-:487-A 
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aorta. A review of the literature for similar cases revealed 233 patients with absent pulmonary valve leaflets and 
56 patients with anomalous origin of a pulmonary artery from the ascending aorta. These pathologic problems 
are potentially surgically correctable, but the dilemma in the management of patients with absent pulmonary 
valve leaflets occurs in infants with respiratory problems related to bronchial compression. Surgical treatment 
could include plication or excision of portions of the dilated pulmonary arteries if these are producing bronchial 
compression, in addition to repair of the associated defects. 


REPORTS ON THERAPY 


117 Propranolol in Angina Pectoris: Comparison of Therapy Given Two and Four Times Daily 


UDHO THADANI and JOHN O. PARKER 


Although propranolol has a relatively short plasma half-life and is therefore usually prescribed in divided doses 
given four times daily, this study in 25 patients with stable angina pectoris demonstrates propranolol given twice 
daily is as effective as that given four times daily. No adverse effects occurred when patients altered treatment 
schedules. The frequency of anginal attacks, the results of objective exercise testing, and the values for S-T 
segment depression and rate-pressure products during exercise were similar during the two dosage regimens. 
Dosage twice daily simplifies therapy and should improve patient compliance. 


124  Multivariate Statistical Evaluation of Intraaortic Counterpulsation in Pump Failure Complicating Acute 


135 


Myocardial Infarction 


PACO LORENTE, RENE GOUGON, PHILIPPE BEAUFILS, CHRISTIANE MASQUET, MICHAEL 
ROSENGARTEN, ISAAC AZANCOT and ROBERT SLAMA 


Multivariate analysis of baseline clinical and hemodynamic data from 189 patients sustaining an acute myocar- 
dial infarction complicated by pump failure demonstrated the feasibility of a good prediction of short-term surviv- 
al in patients undergoing circulatory assistance. Salvageable patients are probably in a less severe condition be- 
fore counterpulsation than the others and mechanical assistance may not be of value in every patient predicated 
to be a nonsurvivor. Only three of seven short-term survivors lived for more than 1 year. The low long-term sur- 
vival rate (11 percent) was related to extensive myocardial and coronary arterial lesions found on angiography 
in survivors and in counterpulsation-dependent patients. No predictive inferences could be drawn from changes 
recorded during circulatory assistance. In profound cardiogenic shock with an extremely high mortality rate, a 
fatal outcome is probable unless cardiac transplant is possible. 


REVIEWS 


Retrospective Analyses of the Need for Mechanical Circulatory Support (Intraaortic Balloon Pump/ 
Abdominal Left Ventricular Assist Device or Partial Artificial Heart) After Cardiopulmonary Bypass: 
A 44 Month Study of 14,168 Patients 


MICHAEL G. McGEE, SHERRI L. ZILLGITT, RUBEN TRONO, STEPHEN A. TURNER, GARY L. DAVIS, 
JOHN M. FUQUA, SIDNEY K. EDELMAN and JOHN C. NORMAN 


This 44 month retrospective study of 14,168 adult patients undergoing cardiopulmonary bypass revealed 89.4 
percent were weaned from bypass without difficulty, 10.6 percent required pharmacologic agents and volume 
loading during weaning, 2.3 percent required intraaortic balloon support during weaning, 0.7 percent demon- 
strated an inadequate response to conventional pharmacologic and balloon support and 0.1 percent required ab- 
dominal implantation of a left ventricular assist device. The incidence of patients who required mechanical cir- 
culatory support was greatest in those undergoing low mortality aortocoronary bypass procedures (mortality rate 
2 percent) and less frequent in those undergoing higher mortality valve procedures (mortality rate 4 percent) and 
combined surgical procedures (mortality rate 8 percent). 


143 Relation of Coronary Arterial Spasm to Sites of Organic Stenosis 


REX N. MacALPIN 


Coronary arterial spasm causing attacks of variant angina was documented arteriographically in 9 of 63 patients 
with Prinzmetal's variant angina. None had arteriographically normal coronary arteries. In each observed epi- 
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THE TRENDSETTER. -< 


A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
., IMPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


SCAN REEL-TO-REEL, CARTRIDGE, 
OR CASSETTE RECORDINGS. 
The Trendsetter handles all. 


DETECT ARRHYTHMIAS WITH 

UNPARALLELED ACCURACY. 

The system's Arrhythmia Analyzer is "operator-taught" 
to recognize each patient's unique normal and variant 
waveforms, and to compare all subsequent waveforms 
to the learned patterns. The Analyzer then categorizes 
and counts all such waveforms— making arrhythmia 
detection precise and specific for each patient. 


REDUCE PROCESSING TIME 


yg WITH NEW X240 SCANNING SPEED. 


x 


Selectable scan speeds of X240, X120 or X60 provide 
the operator with a speed-control range to assist in gen- 
erating comprehensive reports rapidly —all with com- 
plete accuracy. 


EVALUATE AMBULATORY ECG, BLOOD 
PRESSURE, AND PACEMAKER RECORDINGS 
WITH A SINGLE INTEGRATED SYSTEM. 

The Trendsetter learns, examines, tabulates, 

and formats reports of all recorded data. 
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1601 Alton Avenue at Red Hill, Irvine, CA 92714 
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Fa story authorized representatives 


SELECT REPORT FORMATS TAILORED TO 

YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 

patient: 

m Trend records of heart rate 

m ST segment level and blood pressure 

a 2-channel ECG documentation 

m Hourly tabulations of ECG activity, pacemaker activity, 
and blood pressure 

m Graphic/histographic charts of recorded data 

B Any combination you predetermine 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 
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BETTER WAY TO 
‘ASPIRIN. 





BETTER THAN BAYER FOR 
GASTRIC TOLERANCE IN A 
SERIES OF 14-DAY STUDIES 


At two-tablet doses q.i.d. (twice the level appropriate 
for TIA) in a particular series of 14-day gastric tolerance 
studies utilizing a crossover design among 182 normal 
subjects, 49% suffered gastric upset from Bayer® 
Aspirin. Most of these reacting subjects took Bufferin 
without discomfort. 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have 
had transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective in 
reducing TIAS in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms of 
TIAS should have a complete medical and neuro- 
logic evaluation. Consideration should be given 
to other disorders which resemble TIAS. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIAs and 
stroke such as hypertension and diabetes. 


The recommended Bufferin® dosage for TIA is 1296 
. mg. a day (648 mg. twice a day or 524 mg. 
` four times a day). 


FOR ANALGESIA BUFFERIN 
IS BETTER THAN ASCRIPTIN 
FOR RAPID ABSORPTION 


In a second recent study, the absorption characteris- 
tics of Bufferin were compared with Ascriptin® (aspirin 
325 mg., magnesium-aluminum hydroxide 150 mg.). 
Dissolution rates were significantly faster with Bufferin, 
and plasma levels were significantly higher than with 
Ascriptin at 20 minutes. 


BUFFERIN: A BETTER WAY 
TO TAKE ASPIRIN WHEN 
LONG-TERM USE IS ADVISED 


For full aspirin benefits, plus excellent gastric tolerance 
and rapid absorption, your patients deserve Bufferin: 
the daily dosage aspirin. 


For complimentary samples of Bufferin, please write: 
Bufferin, PO. Box 65, Elizabeth, New Jersey 07207. 
Composition: Each Bufferin tablet contains aspirin 324 mg. and the 


antacid Di-Alminate® (Bristol-Myers brand i Aluminum Glycinate 
48.6 mg. and Magnesium Carbonate 97.2 mg.). © 1980, Bristol-Myers Co. 
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sode coronary spasm producing myocardial ischemia occurred at and was superimposed on a site of preexisting 
organic stenosis. Measurements of normal portions of “spastic” and "nonspastic'' vessels suggested a general- 
ized uniform constriction of all major coronary arteries during attacks, with “‘spasm’’ limited to the site of an or- 
ganic lesion in most cases. Similar observations were culled from the majority of 104 patients with organic coro- 
nary artery disease and documented single vessel coronary spasm found in the literature. 


CONTROVERSIES IN CARDIOLOGY —I 


Indications for Surgery of the Mitral Valve 


LAWRENCE |. BONCHEK 


Patients with chronic mitral regurgitation and symptoms provoked by less than normal daily activities (class lll) 
should be offered mitral valve replacement for relief of symptoms alone. Patients who require a more active life- 
style and may find less extreme symptoms intolerable are also candidates for operation to relieve symptoms. 
Class ll patients are candidates if they show increasing heart size and substantial hemodynamic abnormalities 
and are otherwise good operative candidates. Recently developed progressive cardiomegaly, atrial fibrillation, 
and active life-style and a reasonable expectation of longevity simplify the decision for surgery in these patients 
who have an operative risk of approximately 1 percent and a 70 to 90 percent chance of becoming asymptomet- 
ic. Tissue valves are used for patients over the age of 60, those with limited life expectancy or with contraindica- 
tions to anticoagulant therapy, and young women who wish to bear children. All others receive a mechanical 
prosthesis because the long-term durability of tissue valves is unknown. Indications for mitral commissurotomy 
and valve replacement for mitral stenosis are also presented. 


CONTROVERSIES IN CARDIOLOGY —II 


159 Operations on the Mitral Valve: A Time For Weighing the Issues 


NOBLE O. FOWLER and J. M. VAN DER BEL-KAHN 


Mitral valve replacement is recommended for class Ill patients with severe mitral incompetence, increasing dis- 
ability, progressive left ventricular enlargement and progressive left ventricular dysfunction. However, since mi- 
tral valve operations, like most major surgical procedures, have never been evaluated by a randomized con- 
trolled clinical trial, operative indications for patients with lesser degrees of disability and dysfunction remain 
controversial. A low operative risk is not in itself an adequate argument for cardiac valve operation on patients 
with minimal symptoms. Early valve replacement to preserve myocardial function is not indicated at present. A 
randomized controlled clinical trial of early heart valve surgery is the first step to clarifying the indications for mi- 
tral valve replacement. 


CASE REPORTS 


163 The Anatomic Substrate for the Sick Sinus Syndrome in Adolescence 


* A36 `~ 


SAROJA BHARATI, AARON NORDENBERG, ROBERT BAUERNFIEND, JACOB P. VARGHESE, 
ARNALDO G. CARVALHO, KENNETH ROSEN and MAURICE LEV 


Prolonged unexplained sinus nodal dysfunction in two adolescent boys, one aged 16 and the other 17 years of 
age, was found at postmortem examination to be due to an atrial disease with pathologic changes of fibrosis in 
one and fatty infiltration in the other, not in the S-A node, but in the approaches to the S-A node, the atrial prefer- 
ential pathways and perhaps in the approaches to the A-V node. Chronic pathologic changes were also noted 
in the more distal and proximal parts of the conduction system. Such findings in young people are important in 
assessing the value of pacemaker implantation and in making a general prognosis. It is important to perform 
careful noninvasive (and perhaps invasive) evaluation for the presence of organic heart disease in young pa- 
tients with the sick sinus syndrome. Further electrophysiologic and pathologic correlations, including complete 
studies of the entire conduction system in children and young adults with this syndrome is necessary to under- 
stand this disorder. 


continued on page A42 
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L Figurelisa pre-stress CKG (Cardiokymo- 

graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

O A. normal systolic inward motion 

L] B. midsystolic bulging 

O C. holosystolic outward motion 

[] D. other 


II. FigureZisatwo minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

Q A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
L] D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 


IV. Figures 1, 2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 
V. According to recently published" data, the 
CKG (Cardiokymograph) stress test is: 
O A. 9896 sensitive — 9896 specific 
O B. 5996 sensitive — 6996 specific 
O C. 7496 sensitive — 9596 specific 
O D. 4096 sensitive — 6096 specific 
VI. Figure4 is a photograph of: 
O A. CKG/700 (Cardiokymograph) 
O B. anoninvasive device that provides an 
analog representation of wall motion 
[] C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 


diagnostic accuracy 
O D. allofthe above 
ui eL 
(1)Silverberg R A. pn nd GA, Vas R. Tzivoni D. Swan 
Forrester] S: Nor e Diagnosis of Coronary Artery | 
The Cardiokym giaphis Sed Test Circulation, Vol. 61. ! 
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Announcing the comprehensive study of...the most 
fascinating syndrome in Cardiology... 


THE PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


Libi Sherf, MD, FACC Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University 
of Tel Aviv—Sackler School of Medicine, and Visiting Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart Institute, Chaim 


Sheba Medical Center, Tel-Hashomer, University of Tel Aviv—Sackler School of Medicine. 





Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 
The Pre-Excitation Syndrome. Here are just a few reasons why 
this is so essential: 


(] V of all pre-excitation cases are misdiagnosed. 

LJ 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

L] In !à of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

[] %% to 2 of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and comprehen- 
sive analysis of virtually all currently available knowledge on the 
subject. This is done with an admirable even-handedness, dealing 
objectively with all viewpoints but at the same time evaluating rela- 
tive strengths and weaknesses of each observation and hypothesis. 
There is brought a wisdom here which only time and experience can 


provide. The encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff-Parkinson- 
White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution 
to clinical cardiology and cardiac electrophysiology. " 

Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 

Yorke Medical Books, 666 5th Ave., P.O. Box 876, N.Y., N.Y. 10103 
l'lease send me a copy of THE PRE-EXCITATION SYNDROME at 
$33.00. | may use the book for 30 days and if not completely 
satisfied, return it for full credit or refund. 

|} Bill me plus cost of shipping 

|) Payment enclosed, publisher pays for shipping 
O Charge my credit card || Master Charge [O Visa 
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Coming soon... 











The series CORNELL MEDICAL UPDATE breaks all medical 
book tradition with its workbook format that gives practicing 
physicians a quick overview of the latest advances in their 
speciality. It transcribes into book form the Update Your Medi- 
cine lectures sponsored by New York Hospital-Cornell Medical. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice. 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 
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Now in book form...the latest Update Your Medicine lectures ' | 


CORNELL MEDICAL UPDATE) 2 


Edited by LILA A. WALLIS, MD, FACP 


Helps you keep up with the new advances in your 


specialty in the comfort of your home or office. 
Just published with all new material —specialties expanded. 


Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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Cardiovascular Clinics, Volume 11, Number 2. 


Guest Editor: Mary Allen Engle, MD, Professor of Pediatrics, Director 
of Pediatric Cardiology, Cornell University Medical Center, New 
York Hospital, New York. 


Synthesizing information on the latest advances in pediatric car- 
diology, Dr. Engle has produced an invaluable book. Emphasis is 
always placed on the ongoing learning process 


Comprehensive and completely up-to-date, highlights of this volume 
include: 


e comprehensive coverage of noninvasive diagnostic techniques, 
including echocardiography. exercise testing and radionuclide 
ang:ocardiography 


e information on managing dysrhythmias in terms of electro- 
physiology. 


e an up-to-date look at the relatively new fields of pediatric hyper- 
tension and atherosclerosis 


e presentations of surgical accomplishments in such difficult condi- 
tions as transposition of the great arteries, atrioventricular canal. 
total anomalous pulmonary venous connection, and refractory 
cardiac dysrhythmias due to accessory bypass tracts. 


* discussion of new pharmacologic agents used to manipulate the 
patency of the neonatal ductus. 


e a thoughtful summation of the problems children treated for con- 
genital heart disease may face as adolescents and adults. 


About 500 pages, 250 illustrations. About $48.00. Ready Oct. 1980 
Order #3204-5 


Also of Interest: 


Stress Testing: Principles and Practice, 2nd Edition 


This clear, logical text gives you practical help in the performance 
of exercise stress testing. Thoroughly up-to-date, it includes new 
chapters on pediatric stress testing, nuclear cardiology, and stress 
testing and the asymptomatic individual. By Myrvin H. Ellestad, 
MD. About 370 pages, 205 illustrations. $35.00. July 1980. Order 
#3111-1 
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the Pulmonary Vascular Bed in Congenital Heart Defects, Marlene 
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Levin, Arthur A. Klein, Alicejane L. Markenson, John E. O'Loughlin, 
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Donald C. Fyler, Kenneth J. Rothman, Lucy P. Buckley, Herbert 
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To assess the value of determining left ventricular function during exercise 
to predict the natural history of left ventricular function and survival after 
acute myocardial infarction, 45 patients were studied 1 day before and 
again 6 to 14 months after hospital discharge. Initial study included: (1) 
24 hour ambulatory electrocardiographic monitoring and (2) techne- 
tium-99m radionuclide cineangiography, electrocardiography and plasma 
norepinephrine assay, each at rest and during submaximal exercise. 
Radionuclide cineangiography, electrocardiography and norepinephrine 
assays were repeated at rest and at submaximal and maximal exercise 
at the later study. 

Ejection fraction at rest was subnormal at the early study (average 39 
+ 5 percent [mean + standard error of the mean|, normal average 57 + 
1 percent, p <0.001) and showed little change during submaximal ex- 
ercise (average 37 + 5 percent, normal average 69 + 7 percent, p 
« 0.001). Ejection fraction correlated significantly with the complexity 
of ventricular arrhythmias during 24 hour electrocardiography, but neither 
exercise electrocardiographic S-T segments nor plasma norepinephrine 
content correlated with ejection fraction or with frequency or complexity 
of arrhythmias. Four of the 45 patients died within 1 year of infarction; each 
had an ejection fraction less than 35 percent at rest at the early study, 
but neither the presence of complex arrhythmias nor the determination 
of ejection fraction during exercise provided additional help in predicting 
these deaths. Ejection fraction in the later study ( average 42 + 4 percent 
at rest and 40 + 4 percent during submaximal exercise) was not signifi- 
cantly different from that in the early study. However, the subgroup of 17 
patients with an exercise ejection fraction greater than 40 percent in the 
early study showed a small but significant increase in ejection fraction 
at the later study, indicating that the capacity for improvement in myo- 
cardial function does exist during the year after acute infarction. 


Recent studies have indicated that, in both patients with stable coronary 
artery disease!-* and patients recovering from acute myocardial in- 
farction,° the extent of left ventricular ischemic dysfunction determined 
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during exercise stress most often bears little relation to 
left ventricular function determined with the patient 
at rest. To attempt to clarify further the degree of 
ischemic dysfunction apparent during stress early after 
infarction, and to determine the natural history of left 
ventricular function over the ensuing year, we used ra- 
dionuclide cineangiography during exercise to study a 
large group of patients with acute myocardial infarction 
immediately before and again 6 to 14 months after 
hospital discharge. The results of left ventricular 
functional analysis were correlated with the frequency 
and complexity of ventricular arrhythmias, with the 
findings on exercise electrocardiography and with 
plasma catecholamine determinations. It was hoped 
that such an approach would permit determination of 
the variables most predictive of improvement or dete- 
rioration of left ventricular function during the year 
after infarction and, hence, might permit more accurate 
identification of patients at high risk for death in the 
early posthospital period than is possible with previ- 
ously used methods. 


Methods 


Study patients: Studies were performed in patients ad- 
mitted to the coronary care units of the National Naval 
Medical Center, the Walter Reed Army Medical Center and 
the National Heart, Lung, and Blood Institute between June 
1977 and August 1978. The diagnosis of myocardial infarction 
was considered confirmed if, in addition to symptoms of chest, 
arm, neck or back pain occurring in a manner suggestive of an 
acute coronary event, the patient manifested: (1) a rise to at 
least 150 percent of the upper limit of normal in serum cre- 
atine kinase levels (these levels were measured once each day 
for the first 3 days of hospitalization; intramuscular injections 
routinely are avoided in the emergency room and coronary 
care unit in each institution), or (2) electrocardiographic 
changes (new Q waves or severe persistent S-'T segment de- 
pression) consistent with evolution of an acute coronary event, 
or both (1) and (2). Three patients included in the study 
manifested increases in creatine kinase that did not reach 150 
percent of normal, but each had typical symptoms and elec- 
trocardiographic changes. Four patients lacked Q waves and 
manifested electrocardiographic evidence of only subendo- 
cardial infarction. Each had typical symptoms and serum 
enzyme changes. 

All patients aged 70 years or less admitted with acute 
myocardial infarction to any of the three cooperating insti- 
tutions were considered candidates for evaluation. During the 
period of study, 100 patients aged 70 years or less were ad- 
mitted with acute myocardial infarction and 85 (80 men and 
9 women aged 34 to 70 years [average age 55]) survived hos- 
pitalization. These patients represent a consecutive series of 
all patients aged 70 years or less admitted to the referring 
institutions with acute infarction during the period of study. 
Of these 85 patients, 45 (54 percent) were studied 1 day before 
hospital discharge; 40 of the 45 were studied again 6 to 13 
months (average 10 months) after infarction. Of the five pa- 
tients who did not receive follow-up studies, two died and two 
underwent coronary bypass grafting within 6 months of in- 
farction; one patient refused further study. No known selec- 
tion factors, other than noncardiac debility, were operative 
in determining the portion of the group at risk that underwent 
predischarge studies; nonparticipation at each institution was 
a function of the schedules of furlough or duty station change 
for the participating liaison military officers. Of the 40 patients 
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who were not studied before hospital discharge, 18 were 
studied within 6 to 14 months (average 11) after infarction. 
Data from these patients are included in this report to indicate 
the comparability of data from those patients who did with 
those who did not undergo early and late studies. Hence, it is 
hoped to indicate the degree to which data from the subgroup 
of 45 patients undergoing two studies are likely to be repre- 
sentative of the data to be expected from all 85 survivors. 
Thus, a total of 63 of the 85 patients (75 percent of the group 
at risk) were studied before discharge or 6 to 14 months after 
infarction, or both. One of the remaining 22 patients at risk 
died before 6 months had passed; 8 had physically debilitating 
noncardiac problems (amputations, cancer, central nervous 
system disease) precluding study; 6 had moved or had been 
transferred out of the area to other active duty stations, but 
were alive and well; 7 patients refused participation in the 
study. A total of five patients died within 1 year after acute 
infarction; four of these were studied before discharge. 

Study protocol before hospital discharge: Two days 
before hospital discharge, 24 hour electrocardiographie re- 
cordings were obtained (using Holter monitors, with record- 
ings processed, printed out and preliminarily analyzed by 
Clinical Data Inc., Brookline, Massachusetts). The analog 
printouts were coded so that they could be assessed in blinded 
fashion; then each printout was assessed and tabulated bya 
physician unaware of the patient’s clinical course or of the 
results of other objective studies in that patient. Electrocar- 
diographic results were tabulated to denote (1) total prema- 
ture ventricular complexes each hour and every 24 hours; (2) 
total number of ectopic ventricular foci per patient and 
number of premature ventricular complexes at each focus; (3) 
Lown classification? (class 0 = no premature ventricular 
complexes, class I = unifocal premature ventricular complexes 
less than 30/hour in all hours, class II = unifocal premature 
ventricular complexes greater than 30/hour in any hour, class 
III = multifocal premature ventricular complexes, class IV — 
coupled or bigeminal premature ventricular complexes or 
ventricular tachycardia, class V = R on T premature ven- 
tricular complexes). Twenty-four hour recordings adequate 
for analysis were available in 44 of the 45 patients. In the re- 
maining patient multifocal premature and bigeminal ven- 
tricular complexes developed during submaximal exercise 
testing the day before discharge (see later). For purposes of 
statistical analysis of relation of arrhythmia to mortality, this 
patient, who died within 6 months of infarction, is considered 
to have manifested Lown class IV arrhythmia. 

One day before hospital discharge, patients were trans- 
ported to the National Heart, Lung, and Blood Institute where 
a clinical evaluation was performed. Immediately thereafter, 
each patient underwent radionuclide cineangiography. 
Studies were performed at rest and during submaximal supine 
bicycle exercise. Exercise studies were continued until heart 
rate increased to 115 beats/min, unless angina pectoris or 
limiting fatigue supervened at a lower heart rate. Exercise was 
begun at a work load of 25 watts; this load was increased by 
25 watts every 2 minutes until an end point was reached. 

The radionuclide cineangiographic method used was the 
electrocardiographic gated equilibrium method, utilizing 
list-mode data acquisition, described in several previous 
communications from this laboratory.!-?:7:8 Count-based left 
ventricular ejection fraction was determined from time-ac- 
tivity curves as previously described. No patient undergoing 
study had atrial fibrillation. 

In 18 consecutive patients, during supine rest before ra- 
dionuclide studies, a 20 ml sample of blood was withdrawn 
(from a previously implanted heparin-lock intravenous line) 
for analysis of plasma norepinephrine concentration. Analysis 
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was performed according to a previously described radioen- 
zymatic method. During exercise, a second 20 ml sample was 
withdrawn for a similar analysis. The second sample was ob- 
tained during a 10 second period of additional exercise when 
the patient had reached or reported being near to his end- 
point. 

After a rest period of 45 to 60 minutes after radionuclide 
studies, each patient underwent upright exercise electro- 
cardiography during submaximal treadmill exercise. Elec- 
trocardiographic monitoring was performed with a two lead 
modified CM; system involving a V5 lead to assess changes 
with an anterior vector and a sacral lead to assess changes with 
an inferior vector. Treadmill speed was 2.2 miles/hour, with 
grade increased from the level by increments of 2.5 percent 
every 2.5 minutes until the development of any of the fol- 
lowing: angina, three or more consecutive ventricular pre- 
mature beats, fatigue or a heart rate of 120 beats/min. Heart 
rate and rhythm were monitored continually during and for 
5 minutes after study with electrocardiography. Resulting 
electrocardiograms were assessed in blinded fashion. 

After a 1-hour observation, each patient was returned to his 
referring hospital and discharged the following day. 

No untoward event (sudden death, myocardial infarction 
or syncope) was associated with supine or upright exercise 
testing. In one patient sustained bigeminy developed after the 
upright exercise study, but this cleared within 1 hour after the 
study and was unassociated with other sequelae. One addi- 
tional patient had a nonfatal acute myocardial infarction 1 day 
after exercise testing, several hours after discharge from his 
referring hospital. 

Drug therapy in hospital: No attempt was made to in- 
fluence the therapy of patients involved in this study during 
the acute hospitalization. However, it was agreed by all par- 
ticipating institutions that, when possible, it would be bene- 
ficial to evaluate patients before hospital discharge after 
temporary or permanent cessation of drug therapy. Thus, 
therapy with propranolol was gradually tapered and stopped 
24 hours or more before 24 hour rhythm monitoring and 48 
hours before exercise testing in 11 of the 14 patients who un- 
derwent study and were receiving this medication at some 
point during hospitalization. Long-acting therapy with ni- 
trates was similarly discontinued in 18 of 19 patients 6 hours 
or more before electrocardiographic evaluation and 30 hours 
or more before exercise studies. Sublingual nitroglycerin 
tablets were occasionally administered to some patients 
during the 24 hour electrocardiographic recordings. No ni- 
troglycerin tablets were administered to any patient within 
3 hours of supine or upright exercise studies. Antiarrhythmic 
preparations other than propranolol were administered on a 
long-term basis during hospitalization in 25 of the 45 patients 
studied. Use of these drugs ceased at least 24 hours before 
electrocardiographic monitoring and 48 hours before exercise 
testing in 21 of the 25 patients taking such agents. Digitalis 
preparations were discontinued at least 5 days before elec- 
trocardiographic monitoring and 6 days before exercise studies 
in three of the six patients in whom they were used. In addi- 
tion, four patients with chronic systemic arterial hypertension 
were taking diuretic drugs on a long-term basis for treatment 
of hypertension; these were continued during testing. In total, 
7 of the 45 patients were taking cardiac medications at the 
time of study (propranolol in 2, other antiarrhythmic drugs 
in 2, digitalis in 1, digitalis plus an antiarrhythmic drug in 1, 
and digitalis, propranolol, long-acting nitrate and an antiar- 
rhythmic drug in 1). In this regard, it is noteworthy that the 
effects on left ventricular ejection fraction of acute and 
long-term administration of propranolol have been shown to 
be negligible.!9.1 


Drug therapy during follow-up period: After hospital 
discharge long-term therapy was determined by each patient's 
primary physician. No attempt was made to influence the 
long-term therapeutic regimen in any patient, although results 
of a 24 hour arrhythmia analysis were made available to all 
participants within 1 week of the initial study so that these 
data could be used by the primary physician, if desired, in 
formulating therapy. The participating institutions agreed 
that no information currently available could permit the 
formulation of rational therapeutic decisions based on ejection 
fraction results obtained at rest or during exercise. Thus, this 
information was not released to participants until after the 
6 to 14 month follow-up study in each patient and therefore 
was not used in formulating therapeutic plans after hospital 
discharge. Therapy with antiarrhythmic drugs was continued 
in only 8 of the 45 patients after hospital discharge. None of 
the 45 patients were engaged in formal exercise training pro- 
grams after their infarction. 

Follow-up studies: As previously noted, 40 of the 45 pa- 
tients studied before hospital discharge and 18 of the re- 
maining 40 patients not studied before discharge were studied 
6 to 14 months after infarction. At the follow-up study, clinical 
evaluation was performed at the National Heart, Lung, and 
Blood Institute. Objective studies included radionuclide 
cineangiography at rest and during supine bicycle exercise to 
a symptom-limited end point (fatigue, dyspnea or moderately 
severe angina pectoris). Exercise protocol (25 watt load at 
onset and 25 watt increments every 2 minutes) was the same 
as that used during the studies before hospital discharge. In 
those patients who performed maximal exercise at a heart rate 
higher than that achieved during the study before the hospital 
discharge, a separate analysis was made; this analysis com- 
pared data collected during the portion of submaximal exer- 
cise corresponding to the portion from which data were ana- 
lyzed in the earlier study. Results of the 6 to 14 month study 
were determined without knowledge of the results of the study 
performed before hospital discharge. 

In 31 consecutive patients, blood samples for plasma nor- 
epinephrine assay were collected at rest and during maximal 
exercise, in a manner similar to that described above for the 
studies before hospital discharge. 

After a rest period of 45 to 60 minutes after the radionuclide 
study, 53 of the 58 patients underwent exercise electrocardi- 
ography during upright treadmill exercise. Exercise was begun 
at 2.2 miles/hour and 0 percent grade. The grade was increased 
by 2.5 percent every 2.5 minutes until 12.5 minutes; thereafter, 
in addition to grade increments of 2.5 percent, treadmill speed 
was increased by 0.4 miles/hour each 2.5 minutes. Exercise was 
continued until the development of limiting fatigue, dypsnea 
or moderate angina pectoris and, in three patients, until the 
development of 100 percent predicted maximal heart rate 
associated with fatigue of moderate severity insufficient to 
cause the patient to cease exercise spontaneously. Electro- 
cardiographic recordings were obtained continually during 
and for 5 minutes after exercise. Thus, these studies involved 
a *maximal" exercise protocol. All patients who were not 
stopped by angina pectoris achieved a maximal heart rate in 
excess of 90 percent of the age-predicted maximum. 

When possible, cardiac medications were stopped several 
days before the follow-up study, as in the initial study. Only 
9 of the 58 patients studied at 6 to 14 months were taking 
cardiac medications at the time of study. 

Survival data were updated periodically so that 12 month 
survival data are available for 67 (79 percent) of the 85 hospital 
survivors aged 70 years or less. The remaining patients have 
been followed up for 11 months (eight patients), 10 months 
(five patients), 9 months (four patients) and 8 months (one 
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patient) after infarction. Similarly, 46 (73 percent) of the 63 
patients who underwent study have been followed up for at 
least 12 months. 

Results of radionuclide cineangiographic studies at rest and 
during submaximal and maximal exercise in 27 normal 
subjects, previously described elsewhere,!-3:!2 were used for 
purposes of comparison with results in the patients in this 
study. 

Statistical assessments were performed with Student's t 
test, the Fisher exact test and analysis of variance. 


Results 
Studies Performed Before Hospital Discharge 


Ejection fraction: Results of assessment of ejection 
fraction at rest and during submaximal exercise 1 day 
before hospital discharge are depicted in Figure 1. 
Forty-three of 45 patients manifested regional abnor- 
malities at rest, either on movie analysis or difference 
image assessment,!-? consistent with the presence of 
prior myocardial infarction. Average ejection fraction 
at rest (38 + 2 [standard error of the mean] percent) was 
significantly less than that in normal subjects (57 + 1 
percent, p <0.001). Moreover, 36 (80 percent) of the 45 
patients had an ejection fraction at rest that was below 
the lower limit of the normal range (45 percent). During 
submaximal exercise (heart rate 85 to 115 beats/min) 
average ejection fraction was 37 + 1 percent, signifi- 
cantly lower than normal (65 + 6 percent [p <0.001] at 
heart rates of 90 to 105 beats/min and 69 + 7 percent Ip 
<0.001] at heart rates of 106 to 120 beats/min).? None 
of the 45 patients had an ejection fraction within the 
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normal range (54 percent or greater) during submaximal 
exercise. 

At submaximal exercise, average ejection fraction for 
the group was statistically indistinguishable from the 
average value at rest. Moreover, only 8 of the 45 patients 
manifested a change (increase or decrease) in ejection 
fraction of +5 ejection fraction units (“ejection fraction 
percent”) during exercise compared with values at rest. 
In this laboratory the 95 percent confidence limits of 
reproducibility of successive studies are +5 ejection 
fraction percent. Thus, an increase or decrease in ejec- 
tion fraction occurred with 95 percent certainty between 
rest and submaximal exercise in only 8 (18 percent) of 
45 patients. 

Although exercise was not continued to a symptom- 
limited end point in all patients, exercise was stopped 
in 24 of the 45 patients because of angina at or below a 
heart rate of 115 beats/min. In these 24 patients whose 
exercise was symptom-limited, and hence maximal, no 
significant difference was found between ejection 
fraction at rest (36 + 2 percent) and during exercise (34 
+ 2 percent, not significant [NS]). Thus, the results in 
this subgroup were statistically indistinguishable from 
those of the entire group of 45 patients. 

Arrhythmias: Mechanical function, as judged by 
ejection fraction, could not be predicted in the indi- 
vidual patient on the basis of frequency of arrhythmia. 
However, a significant nonlinear relation was apparent 
between ejection fraction, at rest and during exercise 
and the frequency of premature ventricular complexes 
during 24 hours (Fig. 2). A less significant relation ex- 
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FIGURE 1. Left ventricular (LV) ejection frac- 
tion at rest and during submaximal exercise 
(SUBMAX EX) in 27 normal subjects anc in 
patients with acute myocardial infarction (MI) 
studied before hospital discharge and again 6 
to 14 months later. Large open circles with 
bar indicate average values for the group of 40 
patients studied both at rest and during exer- 
cise in the late as well as the early assess- 
ment. Thus, ejection fraction of four patients 
who died (small open circles) and of two pa- 
tients who underwent coronary bypass grafting 
(CABG) (triangles) within 6 months of mvo- 
cardial infarction were not included in the av- 
erage before hospital discharge. The values 
of the patient who was studied only at rest in 
the 6 to 14 month assessment period were 
similarly not included in the average values 
obtained in the early and late studies. HR — 
heart rate; NS — not significant; POST — after; 
PRE = before. 
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isted between ejection fraction and the number of 
ventricular ectopic foci. Only those five patients with 
four or more ectopic foci had a significantly diminished 
ejection fraction compared with patients with less nu- 
merous ectopic foci. 

As a group, patients with high grade complex ar- 
rhythmias (Lown classes IV and V) had a lower ejection 
fraction at rest and during exercise than did patients 
with less complex arrhythmias (Lown classes 0 to III) 
(Fig. 3). No significant differences in mechanical func- 
tion were found between those with class 0 to II ar- 
rhythmias (including those with only unifocal prema- 
ture ventricular complexes) and those with class III 
arrhythmia (multifocal premature ventricular com- 
plexes). For the former group (class 0 to ID), ejection 
fraction at rest and during exercise was 44 + 2 percent 
and 43 + 2 percent, respectively, and for the latter group 
(class III), 40 + 2 percent (NS) at rest and 37 + 2 per- 
cent (NS) during exercise. 

Although mechanical function in the individual pa- 
tient could not be predicted on the basis of arrhythmia 
frequency or complexity, some manifestations of ar- 
rhythmic activity were accurately predicted on the basis 
of ejection fraction. Of the 13 patients with an ejection 


fraction less than 35 percent at rest, 12 (93 percent) © 


manifested complex arrhythmias (Lown classes III to 
V) (Fig. 3). Thus, the presence of such arrhythmias 
could be reliably inferred on the basis of an ejection 
fraction less than 35 percent at rest. In contrast, 21 (66 
percent) of the 32 remaining patients (each with an 
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FIGURE 3. Relation of left ventricular (LV) ejection fraction to com- 
plexity of ventricular arrhythmias recorded during 24 hour electrocar- 
diography (ECG). SUBMAX = submaximal. 
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FIGURE 2. Relation of left ventricular (LV) ejection fraction at rest (R) 
and during submaximal exercise (EX) to frequency of premature ven- 
tricular complexes (PVCs) recorded during 24 hour electrocardiography. 
Studies were performed 1 and 2 days, respectively, before hospital 
discharge. Circled numbers indicate the number of patients in each 
subgroup. P — probability. 


ejection fraction of 35 percent or more at rest) had class 
III to V arrhythmias. In this latter group, the ejection 
fraction tended to be a less reliable predictor of ar- 
rhythmic activity. 

Exercise testing: No relation existed between ejec- 
tion fraction and the number or complexity of prema- 
ture ventricular complexes observed during or within 
5 minutes after upright submaximal exercise testing. 
Moreover, arrhythmia was absent during submaximal 
exercise in 17 of the 33 patients who manifested Lown 
class III to V arrhythmias during 24 hour electrocardi- 
ography. 

During submaximal upright exercise, 11 of 45 patients 
had S-T segment depression of 0.1 mV or greater oc- 
curring 0.08 second after the J point and associated with 
a 0 or negative S- T segment slope. With regard to ejec- 
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FIGURE 4. Relation of left ventricular (LV) ejection fraction at rest (R) 
and during submaximal exercise (EX) to location of acute myocardial 
infarction (MI). A — anterior; AL — anterolateral; AS = anteroseptal: 
| = inferior; SUBEND = subendocardial; TP = true posterior. Circled 
numbers indicate number of patients in each subgroup. 
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FIGURE 5. Relation of frequency of arrhythmia to plasma norepinephrine concentration before hospital discharge (left); relation of plasma norepi- 
nephrine concentration to presence or absence of ventricular arrhythmias (ARRHYTH) induced by exercise (EX.) in assessments performed 6 to 
14 months after myocardial infarction (MI) (right). Circled numbers indicate number of patients. CONC = concentration; N.S. = not significant; 
PVCs = premature ventricular complexes; r = correlation coefficient. 


100 tion fraction at rest, ejection fraction during exercise 
and difference in ejection fraction from rest to exercise, 
these 11 patients were indistinguishable statistically 


90 i : ; : 
a5 é. MERE E Voy ele sd Fu from the 34 patients who did not manifest such S-T 
(9 = DIED AFTER 6 MONTH STUDY segment abnormalities. 

80 = INTERCURRENT. NON-FATAL MII< G MONTHS) Location of infarct: Ejection fraction was not cor- 


related with the site of myocardial infarction (Fig. 4). 

This was true even when patients who had had a pre- 
70 vious myocardial infraction were eliminated from con- 
sideration. In all subgroups ejection fraction values at 
rest and during submaximal exercise did not differ 
significantly. 

Serum creatine kinase values: Peak serum creatine 
kinase concentration bore no relation (r = 0) to ejection 
fraction at rest or during exercise, even when those pa- 
tients who had had a prior myocardial infarction were 
excluded from the analysis. 

Plasma norepinephrine: Among the 18 consecutive 
patients whose plasma norepinephrine values were 
determined at rest and during submaximal supine bi- 
cycle exercise, no relation was apparent between nor- 
epinephrine concentration and ejection fraction or be- 
tween norepinephrine concentration and frequency of 
arrhythmia over 24 hours (Fig. 5). 


Studies Performed 6 to 14 Months After 
0 Myocardial Infarction 


REST REST SUBMAX EX . SUBMAX EX Ejection fraction: Before discharge versus late after 
PRE-DISCHARGE 6-14 MONTHS PRE-DISCHARGE 6-14 MONTHS discharge—rest and submaximal exercise: Figures 1 
FIGURE 6. Change in left ventricular (LV) ejection fraction at rest and and 6 depict the results of early and late assessment of 
during submaximal exercise from before discharge to 6 to 14 months ejection fraction at rest and during submaximal exercise 
after infarction. Large open circles with bar indicate average values; (to the same load and heart rate in the early and late 


however, averages do not include those values obtained in the study à a ; ; i 
before hospital discharge if 6 to 14 month values were not available studies for each patient) in the 40 patients studied both 
in the same patient. Abbreviations as in previous figures. before and 6 to 14 months after hospital discharge. In 
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FIGURE 7. Change in left ventricular (LV) ejection fraction 10 


(EF) from before hospital discharge to 6 to 14 months after 

infarction. The 40 study patients are classified into two 

subgroups on the basis of value of ejection fraction during 0 
submaximal exercíse (EX) before discharge. n — number; 

other abbreviations as in previous figures. 


all 40 patients the average ejection fraction at rest and 
during submaximal exercise 6 to 14 months after in- 
farction was not significantly different from results 
before hospital discharge (Fig. 6). 

However, these data for the group as a whole mask an 
important intragroup variation (Fig. 6 and 7). For the 
subgroup of 17 patients with an ejection fraction greater 
than 40 percent during submaximal exercise in study 
before discharge, ejection fraction significantly im- 
proved both at rest and during exercise in the follow-up 
study. For the subgroup of 23 patients with an exercise 
ejection fraction of 40 percent or less before discharge, 
no change occurred in ejection fraction at rest or during 
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FIGURE 8. Ejection fractions at rest and during maximal exercise 
(MAX. EX.) in 27 normal subjects and in patients (PTS) studied 
6 to 14 months after acute infarction (M.I.). The 58 patients are 
divided into two subgroups according to whether studies were 
(n = 40) (center) or were not (n = 18) (right) also performed 
before hospital discharge. Unidentified abbreviations as in 
previous figures. 
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submaximal exercise in the follow-up study. Two of the 
17 patients in the subgroup with an improved ejection 
fraction had had a previous myocardial infarction, 
compared with 7 of the 23 (NS) in the subgroup with no 
change. 

Late after discharge: rest and maximal exercise: 
Figure 8 depicts results of assessment of ejection frac- 
tion at rest and during maximal exercise 6 to 14 months 
after infarction both in the 40 patients who had also 
been studied before discharge and in the 18 patients 
who were studied only at the 6 to 14 month assessment. 
In the 18 patients who only underwent late study after 
infarction, the average ejection fractions at rest (42 + 
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3 percent) and during exercise (38 + 3 percent) were not 
significantly different from the values obtained at fol- 
low-up studies in the 40 patients who also had been 
studied earlier (rest = 40 + 2 percent [NS], exercise = 
39 + 2 [NS]). Because neither clinical nor left ventric- 
ular functional differences existed between these two 
groups, analysis of other variables evaluated at the 6 to 
14 month assessment involves the combined data of all 
98 patients who underwent late study. 

At maximal exercise, the average ejection fraction for 
this group of 58 patients was 38 + 2 percent, not sig- 
nificantly different than the value at rest (41 + 3 per- 
cent). However, both values are significantly lower than 
the normal averages of 57 + 1 percent (at rest) and 71 
t 2 percent (at maximal exercise). Only 20 of the 58 
patients manifested a change (increase or decrease) of 
more than 5 percent ejection fraction between rest and 
exercise. 

Arrhythmia and location of infarction: As in the 
comparison made before hospital discharge, frequency 
of ventricular ectopic beats during maximal upright 
exercise at 6 to 14 months and location of myocardial 
infarction (even when patients who had suffered prior 
infarctions were excluded) bore no relation to ejection 
fraction at rest or during maximal exercise. 

Exercise testing: During maximal upright exercise, 
6 (11 percent) of the 53 patients had a net S- T segment 
depression of 0.1 mV or greater with 0 or negative S-T 
segment slope. No significant differences existed in the 
absolute values of ejection fraction at rest or during 
exercise in the subgroup with an S- T segment depres- 
sion of 0.1 mV or greater compared with the subgroup 
lacking such depression. Although absolute values were 
not significantly different, the subgroup with S-T de- 
pression manifested a reduction in ejection fraction of 
8 percent during exercisé compared with the value at 
rest. This exercise-induced reduction was significantly 
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greater (p <0.025) than the average reduction of 1 
ejection fraction percent in the group lacking S-T seg- 
ment depression (Fig. 9). Of the 11 patients who mani- 
fested S-T segment depression of 0.1 mV or greater at 
submaximal exercise before hospital discharge, 1 un- 
derwent coronary bypass grafting because of severe 
angina refractory to medical treatment; only 2 of the 
remaining 10 patients manifested S-T segment de- 
pressions at maximal exercise 6 to 14 months later. 
When early and late studies were compared, no signif- 
icant change was found in ejection fraction at rest or 
during exercise in the eight patients who had S-T de- 
pression in the early study but not in the later study 
(ejection fraction at rest = 36 + 3 percent early, 36+ 4 
percent late, [NS]; ejection fraction at submaximal ex- 
NS) = 35 + 2 percent early, 36 + 4 percent late, 
NS]). 

Plasma norepinephrine: Among the 31 consecutive 
patients whose plasma norepinephrine concentrations 
were determined at rest and during maximal exercise 
6 to 14 months after infarction, no relation was found 
between norepinephrine concentration and either 
ejection fraction, duration or intensity of exercise, 
presence of angina during exercise or exercise-induced 
ventricular ectopy (Fig. 5). Similarly, no relation existed 
between the change in norepinephrine concentration 
from rest to exercise and the change in ejection fraction 
from rest to exercise. 

Symptoms: The frequency of angina pectoris re- 
ported during the 6 to 14 months after hospital dis- 
charge did not correlate with left ventricular function 
as assessed by ejection fraction. Similarly, although 
patients with normal or near normal ejection fracticns 
tended to perform treadmill exercise for longer periods 
than did those with low ejection fractions, the trend was 
not significant. Thus, left ventricular function could not 
be inferred reliably from exercise tolerance. 


FIGURE 9. Average left ventricular (LV) ejection 
fraction in 53 patients with and without exercise- 
induced S-T segment depression (ST |) of 0.1 mV or 
greater in magnitude (left); magnitude of change in 
ejection fraction from rest to exercise (AEF) in pa- 


ST tients with and without exercise-induced segment 
.1 mv depression of 0.1 mV or greater in magnitude (right). 


Unidentified abbreviations as in previous figures. 
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Relation of Objective Indexes to Mortality 


Ejection fraction: Of the 85 patients aged 70 years 
or more who survived hospitalization in the three co- 
operating institutions, 5 (8 percent) died within the 
ensuing 8 months. Four of these five patients had been 
studied before hospital discharge. All four manifested 
an ejection fraction 35 percent or less at rest (range 18 
to 34 percent) and during submaximal exercise (range 
12 to 31 percent) before hospital discharge (Fig. 1). No 
deaths occurred among the 32 patients with an ejection 
fraction 35 percent or greater before discharge. As in 
patients who survived, there was little variation in 
ejection fraction between rest and exercise in those 
patients who died. Two of the four died of pump dys- 
function (one with severe congestive failure, the other 
in cardiogenic shock after a second infarction) and two 
died suddenly. 

Arrhythmias: Only one patient who died manifested 
frequent premature ventricular complexes (more than 
250/day). This patient and one other patient manifested 
Lown class IV or V arrhythmias; an additional patient 
had 31 premature ventricular complexes in 24 hours, 30 
from a single focus (maximal frequency = 12/hour) and 
thus manifested Lown class III arrhythmia, and the 
fourth patient had 1 premature ventricular complex 
over 24 hours. Similarly, frequency or complexity of 
arrhythmia was not an accurate predictor of death. 
Death occurred in one (13 percent) of the eight patients 
with frequent premature ventricular complexes (more 
than 250/day); this man also manifested class IV ar- 
rhythmia but died of pump dysfunction. Death occurred 
in 3 (10 percent) of the 33 patients with Lown class III 
to V arrhythmias and 2 (13 percent) of the 16 patients 
with class IV and V arrhythmias. 

Ejection fraction plus arrhythmias: Four (31 
percent) of the 13 patients with an ejection fraction less 
than 35 percent at rest before hospital discharge died 
within the ensuing 8 months. Because 12 of these 13 
patients also manifested Lown class III to V arrhyth- 
mias, as previously noted, the additional finding of such 
arrhythmias would not be expected to enhance the 
ability to predict those who would die. One of the four 


NON-SURVIVORS 


FIGURE 10. Relation of incidence of death within 
8 months after hospital discharge to both left 
ventricular ejection fraction (EF) at rest and 
complexity of ventricular arrhythmias during 24 
hour monitoring assessed shortly before hospital 
discharge (see text). PTS — patients. 
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patients who died did not have class III to V arrhythmia, 1 
although his ejection fraction was less than 35 percent. 
Among those 12 patients with an ejection fraction less 
than 35 percent and class III to V arrhythmias, 3 (25 
percent) died. Among those eight patients with an 
ejection fraction less than 35 percent and the more 
complex (classes IV and V) arrhythmias, 2 (25 percent) 
died (Fig. 10). The number of patients who died was too 
small to permit statistically meaningful distinctions. 
However, the results in this small group do not indicate 
that a combination of ejection fraction plus arrhythmia 
data was more accurate than ejection fraction alone in 
predicting those who died. 

Exercise testing: Ventricular ectopic rhythm during 
submaximal upright exercise was noted in three of the 
four patients who died (one had five or more premature 
ventricular complexes during exercise) and no S-T 
segment depression of 0.1 mV or greater was seen in 
four. Ventricular arrhythmia during exercise was seen 
in 14 (34 percent) of the 41 patients who survived (3 of 
these patients had five or more premature ventricular 
complexes during exercise), and an S-T segment de- 
pression in 10 (24 percent) of the 41. The difference in 
the frequency of these electrophysiologic abnormalities 
thus was not significantly different among those who 
died and those who survived, although the small num- 
ber of patients in the nonsurvivor subgroup renders 
detection of significant differences difficult. 


Discussion 


Ejection fraction after myocardial infarction: In 
patients with chronic stable coronary artery disease, left 
ventricular ejection fraction during maximal exercise 
usually decreases compared with the value at rest.!-3 
However, our study indicates that within 2 to 3 weeks 
after myocardial infarction, in most patients ejection 
fraction varies little from rest to submaximal exercise. 
Although an added stress of maximal exercise might 
have caused significant reduction in ejection fraction 
during exercise, this possibility appears relatively un- 
likely in view of its absence even in the 24 patients who 
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exercised to a symptom-limited maximal end point. 
Ejection fraction changed by more than 5 percent (the 
intrinsic variability of the method) in only 8 of 45 pa- 
tients studied, and the average fraction at rest (38 per- 
cent) was not significantly different from the value 
during submaximal exercise (37 percent). 

Both absolute values and variations from rest to ex- 
ercise were similar in those patients with anterior and 
those with inferior infarction. Whereas absolute values 
for ejection fraction tended to be higher in those who 
had had subendocardial infarction, neither the absolute 
value nor the variation from rest to exercise in such 
patients was statistically distinguishable from that in 
patients with transmural infarctions. 

These findings differ slightly from those of Pulido et 
al.,? who found a significant reduction in ejection frac- 
tion during exercise in patients who had had anterior 
infarction but no change in those who had had an infe- 
rior or subendocardial infarction. The difference be- 
tween the results in the two studies is most likely a 
function of patient selection: In the study of Pulido et 
al, 7 of the 8 patients with anterior infarction had 
congestive heart failure whereas in our study only 3 of 
the 15 patients with anterior infarction manifested 
congestive symptoms during hospitalization. 

Ejection fraction versus ventricular arrhythmias 
as predictor of prognosis: The results of our study 
demonstrate that, despite large individual variations, 
for the group as a whole, both rest and exercise ejection 
fractions immediately before hospital discharge after 
acute myocardial infarction were generally correlated 
with the frequency of ventricular premature beats and 
with the degree of complexity of ventricular arrhythmia 
(Fig. 3). Conversely, our data indicate that the presence 
of low ejection fraction reliably predicts the presence 
of complex arrhythmias. 

These findings are consistent with those of Schulze 
et al.,1?14 who found a significant association between 
arrhythmic activity and ejection fraction values ob- 
tained at rest shortly before the hospital discharge of 
patients recovering from acute myocardial infarction. 
They suggested that, in patients surviving acute myo- 
cardial infarction, arrhythmia, like mechanical dys- 
function, is largely influenced by the degree of ischemic 
damage to the left ventricle. Such a view is consistent 
with observations! in patients studied early after 
myocardial infarction that indicated a direct relation 
between the proclivity for development of ventricular 
arrhythmias and the amount of tissue rendered isch- 
emic. 

Definition of the relation between arrhythmias and 
ejection fraction is of potential importance in light of 
the reported prognostic value of assessment of these 
entities. Schulze et al.!4 found that all of their eight 
patients who died within 6 months of acute infarction 
had an ejection fraction at rest that was less than 40 
percent shortly before hospital discharge. However, only 
26 of the 45 patients with an ejection fraction less than 
40 percent had Lown class III to V arrhythmias during 
24 hour monitoring shortly before discharge. The eight 
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patients who died invariably manifested both abnor- 
malities. Thus, the presence of complex arrhythmias in 
patients with a low ejection fraction predicted a par- 
ticularly high risk of early death. 

In our study five patients died, all within 8 months 
of acute infarction. Four of these patients underwent 
study before hospital discharge, and each had an ejec- 
tion fraction less than 35 percent at rest and during 
exercise, consistent with the findings of Schulze et al.14 
However, as previously noted, almost all patients with 
an ejection fraction less than 35 percent also had com- 
plex arrhythmias. Nonetheless, one of our four patients 
who were studied before death had no complex ar- 
rhythmias during 24 hour monitoring, and two patients, 
including the patient with the most marked arrhythmic 
activity, died gradually of pump failure, not suddenly 
of fatal arrhythmia. In our series, concordance of more 
severe (Lown classes IV and V) arrhythmias and low 
ejection fraction was no more predictive than ejection 
fraction alone. Thus, our results do not suggest that 
analysis of arrhythmic activity before hospital discharge 
after acute infarction can reliably select those patients 
at highest risk from among the group of patients with 
severe mechanical dysfunction caused by the ischemic 
damage. Although firm conclusions cannot be drawn 
from the small group of patients who died during this 
study, our findings are consistent with the earlier work 


of Schulze et al.,!? which suggested that arrhythmia. 


might not represent a risk factor independent of the risk 
imposed by left ventricular mechanical dysfunction. 
Such a conclusion is also supported by the recent work 
of Bigger et al.,!6 who found that the frequency of pre- 
mature ventricular complexes, while associated with an 
increased risk of death within 6 months after infarction, 
did not prove a statistically significant independent risk 
factor, whereas left ventricular failure in the coronary 
care unit and radiographically detected cardiomegaly, 
both manifestations of mechanical dysfunction, were 
predictors of early posthospital mortality. 

Predictive role of ejection fraction during ex- 
ercise: Our experience with patients with chronic, 
stable coronary artery disease, whose left ventricular 
functional reserve capacity cannot be predicted from 
results obtained at rest,!~ led us to expect that prog- 
nosis might be most accurately defined on the basis of 
ejection fraction determined during exercise. The re- 
sults of our study do not support this hypothesis. Only 
one of the four patients studied before death had a re- 
duction in ejection fraction greater than 5 percent with 
submaximal exercise. Segregation of a high risk group 
based on absolute ejection fraction at rest was as accu- 
rate as segregation based on absolute ejection fraction 
during exercise. Moreover, as previously noted, the 
relation between mechanical function and frequency 
and complexity of arrhythmia was no stronger when 
mechanical function was assessed during exercise than 
when it was assessed with the patient at rest. Of course, 
it is possible that assessment of mechanical function 
during exercise, permitting quantitation of the func- 
tional effect of tissue marginally supplied with oxygen, 
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may be effective in predicting prognosis over a longer 
follow-up period. However, such a possibility awaits 
assessment by further study. 

Predictive value of early exercise testing: Our 
results indicate that arrhythmias induced by submax- 
imal exercise before hospital discharge bear no relation 
to left ventricular mechanical function at rest or during 
exercise. Moreover, no relation was noted between S-T 
segment depression during submaximal exercise and 
either mechanical function or mortality. These results 
raise doubts concerning the efficacy of submaximal 
exercise testing before hospital discharge in predicting 
a posthospital course and are different from those of 
Davidson et al.,!7 who reported a strong association 
between S-T segment depression before hospital dis- 
charge and early posthospital morbidity and mortality. 
However, these investigators used a more stringent 
exercise protocol (achievement of at least 75 percent 
predicted maximal heart rate) than was used in our 
study. Although their more stressful protocol may have 
accounted for the greater predictive value of the test, 
this increased value may also have been partly due to 
the fact that patients in their study who underwent 
coronary bypass grafting were considered to have had 
a morbid coronary event. Only 5 of the 200 patients of 
Davidson et al. died or had ventricular fibrillation. 
Thus, the role of submaximal exercise testing in pre- 
dicting natural history and in providing information of 
use in the selection of appropriate therapy remains to 
be determined and may depend importantly on the 
exercise protocol used. 

Plasma norepinephrine concentration: Our results 
also indicate that plasma norepinephrine concentration, 
either at rest or during exercise, is not correlated with 
left ventricular mechanical function or with arrhythmic 
activity, either before hospital discharge or 6 to 14 
months after infarction. Previous experimental studies 
have suggested that plasma norepinephrine concen- 
tration, which reflects overall postganglionic sympa- 
thetic nervous system activity,?!? might serve as an 
indicator of the proclivity for the development of ven- 
tricular arrhythmias.!? Alternatively, it has been pos- 
tulated that plasma norepinephrine might reach levels 
sufficient to stimulate arrhythmias directly.?? If this 
were so, then the measurement of plasma norepineph- 
rine levels might provide a clinically useful index of the 
potential efficacy of beta adrenergic blocking agents in 
therapy of ventricular arrhythmia after acute myocar- 
dial infarction. However, the role of plasma norepi- 
nephrine in the production of arrhythmias and as an 
indicator of risk of development of arrhythmias has 
been questioned in studies by Videbaek et al.?! These 
investigators found that maximal plasma norepineph- 
rine concentration did not correlate with ventricular 
ectopic activity in patients during the first 48 hours after 
acute infarction; moreover, the concentration of nor- 
epinephrine found in those patients was considerably 
lower than that necessary to produce ventricular ar- 
rhythmia during experimental myocardial infarction 
in dogs. Our results are consistent with the conclusions 


of Videbaek et al.?! and suggest that the plasma nor- 
epinephrine level probably cannot be used as an index 
of the tendency for arrhythmia to develop or as an in- 
dicator of the potential usefulness of beta adrenergic 
blocking agents. 

Left ventricular function after recovery from 
myocardial infarction: The natural history of left 
ventricular function during the year after acute in- 
farction has not previously been delineated. In a recent 
study, Reduto et al.22 demonstrated little change in left 
ventricular function at rest between 1 day and 2 weeks 
after acute infarction. Our results add to these earlier 
findings by demonstrating that, for the entire group of 
patients recovering from infarction, left ventricular 
function shows no significant variation either at rest or 
during submaximal exercise over 6 to 14 months after 
infarction. However, we found that these group results 
masked important intragroup variations (Fig. 7). Pa- 
tients whose exercise ejection fraction was greater than 
40 percent before hospital discharge demonstrated 
significantly improved function at rest and during ex- 
ercise 6 to 14 months later. Patients whose ejection 
fraction during exercise was 40 percent or less before 
discharge demonstrated no change in ejection fraction 
at rest or during exercise 6 to 14 months later. 

Thus, our results indicate that the capacity for im- 
provement in myocardial function does exist, at least 
in those patients who manifest the least extensive 
ischemic damage. The mechanism of this improvement 
is unclear. However, the late improvement was mani- 
fested at heart rates and arterial pressures (and hence 
levels of myocardial oxygen demand) indistinguishable 
from those noted during exercise before hospital dis- 
charge, and was generally maintained even at maximal 
exercise with higher heart rates and arterial pressures. 
Therefore, it is conceivable that an improvement in 
myocardial oxygen supply occurred, perhaps due to 
progressive development of collateral vessels. In those 
patients with the greatest amount of infarcted tissue 
early after infarction, the relative paucity of potentially 
viable tissue might preclude the functionally important 
effect of collateral flow. Although drugs were diséon- 
tinued in most patients before objective testing, drug 
therapy was not controlled in this study. Therefore, the 
effects of therapy on left ventricular function during the 
year after infarction cannot be inferred from our data. 
Our results regarding the natural history of left ven- 
tricular function are consistent with those of Wohl et 
al.,23 who found a statistically significant increase in 
stroke volume during exercise (from 59 to 72 ml) in 20 
of their 40 patients studied between 3 weeks and 6 
months after infarction, indicating that improvement 
in myocardial function may be possible in some pa- 
tients. 

Clinical implications: The data collected from 58 
patients studied 6 to 14 months after infarction indicate 
that no significant change in ejection fraction occurred 
during exercise, compared with the value at rest, for the 
group as a whole and for most individual patients. This 
result is different not only from that found in normal 
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subjects, whose ejection fraction increases with exercise, 
but also from results we and others have previously 
described in patients with chronic, stable coronary ar- 
tery disease.!-^?^?5 Reassessment of our previously 
published data indicates that significant depression in 
ejection fraction occurred with exercise in patients 
without prior myocardial infarction and in those with 
remote infarction (3 or more years before the study) but 
not in patients studied within 1 year of infarction. This 
finding suggests the possibility that, although infarction 
may temporarily reduce the proportion of viable but 
potentially ischemic tissue, subsequent progression of 
anatomic abnormalities of the coronary arteries may 


increase the quantity of potentially ischemic myocar- 
dium to preinfarction levels. Further follow-up study 
will be necessary to determine (1) whether the 58 pa- 
tients in this study will ultimately have a depressed 
ejection fraction during exercise and (2) whether any 
such changes in ejection fraction are related to long- 
term prognosis. 
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Indications for coronary arterial bypass surgery in single vessel coronary 
artery disease are unresolved. To determine the extent of myocardium 
at risk with stenosis (70 percent or more) of a single coronary artery, left 
ventricular angiograms of 200 patients with stenosis confined to either 
the left anterior descending or right coronary artery and of 15 normal 
control subjects were assessed. Among patients without myocardial in- 
farction, ejection fraction was unchanged (p >0.05 versus normal values) 
in (1) those with stenosis of the proximal (above first septal branch, n = 
19), mid (between septal and first diagonal branches, n = 14) and distal 
(within 2 cm distal to diagonal branch, n = 15) left anterior descending 
coronary artery, and (2) those with stenosis of the proximal (above 
acute marginal branch, n = 16) and distal (between acute marginal and 
posterior descending branches, n = 16) right coronary artery. In contrast, 
ejection fraction was depressed (p <0.001 versus normal values) in left 
anterior descending arterial stenosis with anterior myocardial infarction: 
proximal (38 + 10 percent, n = 33), mid (46 + 12 percent, n = 24; p 
<0.01 versus proximal), and distal (56 + 9 percent, n = 15; p <0.01 
versus mid). Ejection fraction was similar with proximal and distal stenosis 
of the right coronary artery and inferior infarction: 54 + 11 percent versus 
55 + 9 percent, p >0.05; both p <0.05 versus normal value. Shortening 
velocity was assessed in three anterior (I to Ill, base to apex) and three 
inferior (.IV to VI , apex to base) equidistant hemichords perpendicular 
to the long axis, 30? right anterior oblique view. With anterior infarction 
and left anterior descending stenosis, shortening of hemichords | to V, | 
to IV and Il to Ill with proximal, mid and distal stenosis, respectively, was 
depressed (p «0.05 versus normal value). Septal excursion and thickening 
on M mode echocardiography with proximal left anterior descending 
stenosis and infarction were depressed (p «0.05 versus mid and distal 
stenosis with infarcts). Hemichordal shortening with inferior infarction 
was similarly depressed (p 70.05) with proximal and distal stenoses. 

In conclusion, stenosis of the left anterior descending coronary artery 
is a heterogenous disease, the extent of jeopardized myocardium is highly 
dependent on the site of stenosis, and the criteria for surgery cannot be 
applied uniformly. When the surgical goal is myocardial preservation, 
these data provide an objective rationale for bypass of stenosis of the 
proximal left anterior descending coronary artery. In stenosis confined 
to the right coronary artery, left ventricular preservation alone should not 
be considered an indication for coronary bypass grafting. 
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(Red- Res) 

(Red x ET) 

FIGURE 1. Schematic representation of 30? right anterior oblique 
projection of left ventricular end-systolic and end-diastolic perimeters 
and calculation of hemichordal shortening velocity. ET — ejection 
time(s); Red = end-diastolic radius; Res = end-systolic radius. Six 
hemichords (I-VI) are shown. 


Hemichordal Shortening Velocity = 


'The prognosis of patients with stenosis of a single cor- 
onary artery is substantially better than that of patients 
with double or triple vessel diseases.!-5 Additionally, 
myocardial revascularization using aortocoronary sa- 
phenous vein bypass grafts has in general not been 
shown to improve survival in patients with single vessel 
disease.??8 However, survival rates vary among medi- 
cally treated patients having stenosis confined to the left 
anterior descending, left circumflex or right coronary 
artery; disease of the left anterior descending artery has 
the poorest survival rate.? Although some investigators 
have reported improved survival after bypass surgery 
in patients with isolated stenosis of the latter artery,° 
this issue remains controversial.^19.!! Thus, stenosis of 
a single coronary artery appears to be a hetergeneous 
disease with a variable prognosis and unclear surgical 
implications. Generalizations concerning appropriate 
therapy of single vessel coronary disease are, therefore, 
unfounded. 

This study was undertaken to determine the relation 
between the site of stenosis of the left anterior de- 
scending coronary artery or the right coronary artery 
and the extent of left ventricular myocardium poten- 








E3 Proximal LAD Disease 
ES Mid LAD Disease 

& Distal LAD Disease 
FIGURE 2. A, diagram of right coronary artery (RCA) indicating 
boundaries of stenoses defined as proximal or distal. B, diagram of left 
anterior descending coronary artery (LAD) depicting location of proxi- 
mal, mid and distal stenoses. AM = acute marginal branch. 


Proximal RCA Disease 
Ø Distal RCA Disease 
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tially jeopardized. Because prognosis after myocardial 
infarction is closely related to the quantity of necrotic 
myocardium,°*!!-!” it was reasoned that the most ap- 
propriate therapy may also differ should the extent of 
the left ventricle at jeopardy vary significantly with the 
site of stenosis of a coronary artery. Additionally, this 
study evaluated left ventricular regional function in 
patients with isolated stenosis of the left anterior de- 
scending or right coronary artery without previous 
myocardial infarction. 


Methods 


Patients: Selective coronary arteriograms and left ven- 
triculograms of 200 patients, 161 men and 39 women (mean 
age 53 years, range 32 to 73), who had undergone cardiac 
catheterization at The Methodist Hospital from 1976 through 
1978 were retrospectively reviewed. Each patient had single 
vessel disease, defined as 70 percent or greater obstruction of 
the luminal diameter of either the left anterior descending 
(120 patients) or right (80 patients) coronary artery with no 
additional stenosis of 50 percent or more in other coronary 
arteries. All patients had sinus rhythm at the time of angio- 
graphic study and a heart rate of not greater than 100 beats/ 
min. Patients were not premedicated with nitroglycerine. No 
patient had undergone prior coronary arterial bypass sur- 
gery. 

The patients were classified into groups on the basis of 
anatomic site of coronary stenosis and the presence of pre- 
vious myocardial infarction. Infarction was defined by a 
characteristic history associated with typical serum enzyme 
elevation and the development of pathologic Q waves (dura- 
tion 0.04 second or greater). In patients referred to our insti- 
tution for cardiac catheterization, a compatible history and 
pathologic Q waves were accepted as evidence of infarction. 
Patients with a history of infarction not meeting the stated 
criteria were excluded from the study. 

Angiographic evaluation: A well opac:fied left ventricular 
angiogram was performed in each patient in the 30? right 
anterior oblique position. If a premature contraction occurred 
during ventriculography, the cycle utilized for analysis oc- 
curred before or at least two beats after the ectopic beat. The 
end-diastolic frame was identified as the frame immediately 
before the frame showing the first perceptible inward move- 
ment of the ventricular wall. End-systole was identified as the 
smallest left ventricular chamber observed. Left ventricular 
ejection time was obtained by counting the frames (25 ms/ 
frame) between end-diastole and end-svstole. The ejection 
fraction was calculated for all patients using the area-length 
method of Dodge et al.!® The long axes of the end-diastolic and 
end-systolic left ventricular silhouette were drawn from the 
mid point of the aortic valve to the tip of the ventricular apex. 
Both the end-diastolic and end-systolic long axes were divided 
into quarters and perpendicular equidistant hemichords 
drawn. 

The hemichords were labeled as follows: I to HI (anterior, 
base to apex) and IV to VI (inferior, apex to base) (Fig. 1). The 
mean normalized velocity of shortening for the six individual 
hemichords was calculated as follows (Fig. 1): 


Hemichordal velocity of shortening = 
(Red — Res)/(Red X ET), 


where Red is the end-diastolic radius, Res the end-systolic 
radius and ET the left ventricular ejection time.!? The units 
are expressed as s^!. 
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Study groups: Patients with stenosis confined to the left 
anterior descending coronary artery (LAD) were classified 
according to the site of stenosis and presence or absence of 
infarction were divided into the following groups: (1) LAD 
proximal (19 patients) and LAD proximal-myocardial in- 
farction (33 patients). These patients had stenosis occurring 
proximal to or involving the origin of the first large septal 
perforator, without and with, respectively, evidence of myo- 
cardial infarction, (Fig. 2B). (2) Patients in the LAD mid 
group (14) and LAD mid-myocardial infarction group (24) had 
stenosis located after the first septal perforator and before or 
including the origin of the first diagonal branch. (3) Patients 
in the LAD distal group (15) and LAD distal-myocardial in- 
farction group (15) had stenosis within 2 cm distal to the origin 
of the first diagonal branch. In 9 of the 120 patients with ste- 
nosis of the left anterior descending artery, the first diagonal 
branch originated proximal to the origin of the first septal 
perforator. Four of these patients had disease proximal to the 
first diagonal branch and were placed in the group with 
proximal disease. Three patients in the LAD mid group had 
stenosis between the first diagonal and first septal branches; 
one of these patients had a prior infarction and was placed in 
the LAD mid-myocardial infarction group. The two patients 
without infarction had disease below the first diagonal and 
septal branches and were assigned to the LAD distal group. 

Patients with isolated disease of the right coronary artery 
(RCA) were similarly classified (Fig. 2A): All patients in this 
subgroup had a right dominant circulation. Patients with 
stenosis occurring proximal to or involving the origin of the 
acute marginal branch of the right coronary artery were as- 
signed to the RCA proximal (16 patients) or RCA proximal- 
myocardial infarction (32 patients) groups according to the 
absence or presence, respectively, of infarction. Patients in 
the RCA distal (16) and RCA distal-myocardial infarction (16) 
groups had isolated obstruction occurring distal to the acute 
marginal branch and before the posterior descending artery 
(Fig. 2A). 

Normal subjects: Fifteen patients who had undergone 
cardiac catheterization for atypical chest pain and had been 
found to have normal coronary arteries and left ventricular 
function (ejection fraction 55 percent or greater and no seg- 
mental dyssynergy) served as a normal control group. There 
was no difference (p 70.05) in the mean ages among the var- 
ious groups of patients studied. 

Evaluation of septal function: To evaluate septal function 
further, high quality M mode echocardiograms from a subset 
of 14 patients randomly selected from each group with isolated 
stenosis of the left anterior descending coronary artery were 
reviewed without knowledge of the patients' coronary arterial 
anatomy. Septal function was analyzed at a level immediately 
below the mitral valve. Septal thickening fraction was calcu- 
lated as: 


Septal thickening fraction = (Td — Ts)/Td X 100, 


where Td is the septal thickness (measured from leading edge 
to leading edge) at end-diastole (peak of the R wave), and Ts 
is septal thickness at end-systole (maximal systolic thickness). 
Septal excursion was measured as the maximal inward motion 
of the left ventricular side of the interventricular septum 
during systole. 

Data analysis: All values are expressed as the mean + 
standard deviation. Student’s t test for nonpaired data was 
utilized to compare the significance of difference between the 
mean ejection fraction, hemichord shortening velocity, septal 
thickening and normalized septal excursion of the various 
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FIGURE 3. Schematic representation of left ventricular perimeters 
without prior myocardial infarction (No MI) and with prior myocardial 
infarction (MI) and either proximal, mid or distal stenosis of the left 
anterior descending artery. The mean ejection fraction (EF) + standard 
deviation is given for each combination. The symbols indicate signifi- 
cance (p) values versus normal control values for shortening velocity 
of corresponding hemichords. n — number of patients. 


groups of patients. Significance was determined at the prob- 
ability level of p «0.05. 


Results 


Isolated Stenosis of the Left Anterior Descending 
Coronary Artery 


Values for ejection fraction and hemichordal short- 
ening velocities for all patients with stenosis of the left 
anterior descending coronary artery and all normal 
subjects are summarized in Figures 3 to 5. 

Ejection fraction (Fig. 3): In the absence of in- 
farction, mean ejection fraction was similar (p 20.05) 
in patients with proximal, mid, distal or no stenosis. In 
marked contrast, after myocardial infarction each of the 
three groups demonstrated depressed ejection fraction 
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FIGURE 4. Mean hemichordal shortening velocity (HSV) in 48 patients 
with left anterior descending (LAD) stenosis and no myocardial infarction 
(MI). D = distal LAD stenosis; M = mid LAD stenosis; N = normal 
control; P — proximal LAD stenosis; see text and Figure 1 for definition 
of hemichords. sec — seconds. 
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FIGURE 5. Mean hemichordal shortening velocity (HSV) in 72 patients 
with left anterior descending (LAD) stenosis and anterior myocardial 
infarction (MI). Abbreviations as in Fig. 4. 


compared with values in normal subjects; moreover, 
ejection fraction in patients in the LAD proximal- 
myocardial infarction group (38 + 10 percent; range 19 
to 51) was lower (p «0.01) than ejection fraction in pa- 
tients in the LAD mid-myocardial infarction group (46 
+ 12 percent; range 25 to 63) who, in turn, exhibited 
more depression (p «0.01) than did those in the LAD 
distal-myocardial infarction group (56 + 9 percent; 
range 40 to 68). 

Hemichordal shortening (Fig. 4): Although ste- 
nosis of the proximal and mid left anterior descending 
coronary artery without infarction did not alter left 
ventricular ejection fraction, shortening velocity of 
hemichords I to IV and I to III with proximal and mid 
stenoses, respectively, was depressed (p «0.05 versus 
normal values). Conversely, distal stenosis without in- 
farction did not alter hemichordal shortening velocity 
compared with normal control values (p 70.05). When 
myocardial infarction was present, hemichords I to V, 
I to IV and II to III with proximal, mid and distal ste- 
noses, respectively, demonstrated depressed shortening 
velocity compared with normal values (Fig. 5). 

No relation (p 20.05) could be demonstrated between 
the diameter of the left anterior descending septal 
perforator or diagonal branches and left ventricular 
ejection fraction or extent of dyssynergy in any 
subgroup of patients. 

Septal excursion and thickening (Table I): Nei- 
ther septal excursion nor percent thickening was af- 


TABLE | 


fected (p >0.05 versus normal values) by proximal left 
anterior descending stenosis without infarction or by 
mid distal stenosis with or without infarction. However, 
proximal stenosis with myocardial infarction depressed 
(p <0.05) both septal excursion and thickening fraction 
compared with normal values and all other values in the 
subgroups with stenosis of the left anterior descending 
coronary artery. 


Isolated Stenosis of the Right Coronary Artery 


Ejection fraction (Fig. 6): When no infarction was 
present, ejection fraction in the groups with proximal 
and distal stenosis of the right coronary artery did not. 
differ (p 70.05) from values in the normal group. With 
isolated gtenosis of this artery and inferior myocardial 
infarction, ejection fraction in the group with proximal 
stenosis was 54 + 11 percent (range 34 to 68) (p «0.05 
versus normal values) and in the group with distal ste- 
nosis 55 + 9 percent (range 42 to 70) (p < 0.05 versus 
normal values; p 70.05 versus proximal stenosis. 

Hemichordal shortening (Fig. 7): Shortening ve- 
locity was essentially unaffected in the absence of 
myocardial infarction. With infarction, hemichords I 
and II were unaffected in the groups with proximal and 
distal stenosis of the right coronary artery. However, 
with proximal stenosis and myocardial infarction, 
hemichords III to VI were depressed (p «0.05 versus 


* normal values) and with distal stenosis with myocardial 


infarction, shortening velocity was reduced (p «0.05 
versus normal values) in hemichords IV to VI. 


Discussion 


Prognosis of single vessel coronary artery dis- 
ease: Studies describing the natural history of coronary 
artery disease!-9 have consistently demonstrated that 
survival is better at 5 and 10 vears in patient cohorts 
with single vessel coronary artery disease than in pa- 
tients with double or triple vessel disease. The annual 


. mortality rate for patients with single vessel coronary 


artery disease was reported to be less than 3 percent.!-4 
However, patients with isolated stenosis of the left an- 
terior descending coronary artery have a yearly mor- 
tality rate of approximately 5 percent, whereas in pa- 
tients with isolated stenosis of the right coronary artery 
this rate decreases to 2.3 percent.? In addition, some 
reports™10-11,20 suggest that the site of stenosis, partic- 
ularly as it pertains to the left anterior descending 
coronary artery, may also be an important determinant 
of prognosis and should be considered in selecting pa- 


Septal Function in Six Subgroups With Stenosis of the Left Anterior Descending Coronary Artery* 


Proximal Proximal With MI 

(n — 6) (n = 8) 
Septal excursion (cm) 0.52 + 19 0.19 + 0.127 
Thickening fraction (%) 43 + 10.2 6.6 + 0.7! 


Mid Mid With MI Distal Distal With MI 
(n = 5) (n — 10) (n — 6) (n — 6) 
0.82 + 0.31 0.56 + 0.20 0.65 + 0.22 0.52 + 0.14 
38+7 er d 41+ 10 38+9 


* Normal values for laboratory: septal excursion, 0.4 cm or more; thickening fraction, 30 percent or more. 
T p <0.05 versus normal and all other subgroups with stenosis of the left anterior descending coronary artery. 
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tients for coronary bypass grafting. However, long-term 
prospective confirmation of these observations is 
lacking. 

Patients with anterior myocardial infarction as a 
result of isolated stenosis of the left anterior descending 
coronary artery have a reduced short- and long-term 
prognosis compared with patients with inferior myo- 
cardial infarction.-16 The incidence of congestive heart 
failure, conduction disturbances and sudden death is 
increased in patients with anterior infarction.!417,2,22 
A recent report?! indicates that isolated occlusion of the 
left anterior descending artery and consequent anterior 
myocardial infarction in young men is associated with 
a large incidence of serious ventricular dysfunction and 
congestive heart failure. 

Reports on the efficacy of coronary bypass surgery 
in improving the mortality rate in patients with iso- 
lated stenosis of the left anterior descending artery are 
conflicting. Sheldon et al? reported that surgically 
treated patients had an annual mortality rate of 1.7 
percent compared with the attrition rate of 4.8 percent 
in medically treated patients. These data come from a 
retrospective review of surgical results covering 3 to 7 
years. Kouchoukos et al.,” in a prospective study cov- 
ering 31 and 41 months, demonstrated that, although 
surgical therapy was superior to medical therapy in 
relieving angina and improving exercise tolerance, it did 
not improve on favorable mortality rate observed in the 
medically treated patients. However, in their series only 
two medically treated patients had total occlusion and 
only three had more than 75 percent stenosis located 
proximal to the first septal perforator.” 

Isolated stenosis of the left anterior descending 
coronary artery: In our study, in the absence of myo- 
cardial infarction, left ventricular ejection fraction at 
rest was unaffected by isolated stenosis of the left an- 
terior descending coronary artery regardless of the site 
of occlusion. In contrast to the lack of detectable effect 
on global left ventricular function, stenosis of the 
proximal or mid left anterior descending artery resulted 
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FIGURE 6. Schematic representation of the left ventricular perimeter 
and stenoses confined to the proximal or distal right coronary artery 
with no prior myocardial infarction (no MI) or with past myocardial in- 
farction (MI). Symbols indicate significance levels versus normal values 
in control subjects for shortening velocity of corresponding hemichords. 
EF = ejection fraction. 
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in depressed shortening velocity of the anterior wall 
hemichords, whereas stenosis of equivalent severity of 
the distal vessel was unrelated to reduced hemichordal 
shortening velocity. Thus, subtle contraction abnor- 
malities occur with stenosis confined to the left anterior 
descending artery even in the absence of myocardial 
infarction; the extent of alteration in hemichordal 
shortening appears to relate closely to the site of stenosis 
(Fig. 2 and 3). Although evidence of disturbed systolic 
function is barely detectable at rest, with exercise, pa- 
tients with 70 percent or greater stenosis of the left 


anterior descending coronary artery usually demon- 


strate marked segmental dysfunction of the anterior 
wall sufficient to affect global systolic performance.?? 
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FIGURE 7. Mean hemichordal shortening velocity (HSV) in 32 patients with stenosis confined to the right coronary artery (RCA) and no prior myocardial 
infarction (RCA-No Ml) and 48 patients with isolated RCA stenosis and previous myocardial infarction (RCA-MI). Abbreviations as in Figure 4. 
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Previous investigators? have identified, in the ab- 
sence of myocardial infarction, depressed systolic 
function in left ventricular segments subserved by a 
stenotic left anterior descending coronary artery and 
have suggested that the disturbed function is related to 
inadequate coronary blood flow. It has been postu- 
lated*??6 that reduced systolic performance may be a 
compensatory phenomenon reducing myocardial oxy- 
gen demands in response to reduced myocardial blood 
flow. Consistent with this latter explanation is the 
finding that successful coronary bypass grafting im- 
proves regional myocardial function in certain pa- 
tients.?/—7? An alternative explanation for segmental 
reduction in hemichordal shortening velocity in the 
absence of electrocardiographic myocardial infarction 
is the possibility of prior, clinically unrecognized, non- 
transmural infarction. However, in our study this 
mechanism appears unlikely because the shortening 
abnormality was consistently observed in the 33 pa- 
tients without myocardial infarction who had stenosis 
of the proximal or mid left anterior descending coronary 
artery. 

Finally, selective coronary arteriography was per- 
formed before left ventriculography in the majority of 
our patients, and the possibility of a consequent tran- 
sient decrease in the contractile state must be consid- 
ered.?? Although it is difficult to discount this factor 
totally, a subset of 10 patients in the groups with ste- 
nosis of the proximal and mid left anterior descending 
artery without infarction underwent ventriculography 
before selective coronary arteriography. Each of these 
10 patients exhibited contraction abnormalities similar 
to those of the remaining 23. Additionally, most of the 
normal control patients also underwent ventriculog- 
raphy after coronary arteriography, thereby providing 
a relatively uniform comparison with control 
subjects. 

Of special importance is our finding that the site of 
stenosis of the left anterior descending artery plays a 
critical role in determining the extent of left ventricular 
dysfunction after myocardial infarction. Thus, stenoses 
positioned so as to impede flow into the first septal 
perforator or first diagonal branch, or both, greatly alter 
left ventricular performance compared with occlusions 
that differ in location by only a few millimeters but are 
distal to these major branches. However, there was no 
significant difference in the evaluated variables of 
ventricular function at rest in patients who had more 
than 90 percent stenosis and those with 70 to 90 percent 
stenosis. 

In addition to a direct relation between the proximal 
location of stenosis of the left anterior descending artery 
and the quantity of left ventricle impaired, a relation 
between the site of stenosis and the degree of systolic 
dysfunction was also detected (Fig. 4 and 5). In this 
regard, when the mean hemichordal shortening veloc- 
ities of the three groups with stenosis of the left anterior 
descending artery and myocardial infarction are com- 
pared, it is apparent that the degree of reduction in 
shortening velocity is significantly greater when the site 
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of stenosis is proximal to the first septal perforator and 
becomes less as the location of obstruction occurs more 
distally (Fig. 5). 

Moreover, echocardiographic evidence of diminished 
septal excursion and reduced thickening fraction was 
detected in patients with stenosis proximal to the first 
septal perforator who had sustained a prior myocardial 
infarction (Table I). The echocardiographic indexes in 
patients without necrosis were within the normal range 
for our laboratory. Our data therefore suggest that, in 
the absence of septal infarction, septal motion at rest 
as evaluated with M mode echocardiography is insen- 
sitive to high grade stenosis of the proximal left anterior 
descending artery. These findings are in agreement with 
those of Gordon and Kerber,*! who previously described 
the relative insensitivity of septal motion as a predictor 
of proximal stenosis of the left anterior descending ar- 
tery in the absence of infarction. 

A finding of additional interest is the demonstration 
of a relation between systolic shortening of the anterior 
base (hemichord I) and septal function. Thus, it appears 
that reduced or absent motion of this segment as viewed 
in the right anterior oblique projection predicts con- 
comitant dyssynergy of the upper interventricular 
septum (Fig. 3, Table I). 

Isolated stenosis of the right coronary artery: 
Stenosis confined to the right coronary artery is gen- 
erally associated with a favorable prognosis whether 
patients receive medical or surgical therapy. !-13.22,32,33 
In our study, although patients with isolated stenosis 
of the proximal left anterior descending coronary artery 
without infarction demonstrated a subtle decrease in 
anterior wall motion, patients with stenosis of the right 
coronary artery without infarction had hemichordal 
shortening velocities that differed little from those of 
normal subjects (Fig. 6). The mean ejection fraction was 
normal in the subgroups with both proximal and distal 
right coronary arterial stenosis without infarction. Thus, 
resting left ventricular global and segmental perfor- 
mance does not appear to be depressed with isolated 
stenosis of the right coronary artery without infarction. 
This finding probably relates to the relative quantities 
of left ventricular myocardium supplied by the left 
anterior descending artery compared with the right 
coronary artery.?? 

As might be anticipated, after inferior infarction the 
shortening velocity for hemichords III through VI for 
the groups with proximal stenosis of the right coronary 
artery and hemichords IV through VI for the group with 
distal stenosis differed significantly from the normal 
mean shortening velocities (Fig. 6 and 7). However, no 
difference was observed when the shortening velocity 
and ejection fraction for these two groups with infarc- 
tion were compared. Although the mean ejection frac- 
tion for both groups with right coronary arterial stenosis 
and infarction differed significantly (p «0.05) from the 
normal mean value, the reduction in left ventricular 
function assessed by ejection fraction was, in general, 
only slight. Thus, myocardial infarction resulting from 
stenosis confined to the right coronary artery causes 
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only moderate left ventricular impairment and the de- 
gree of dysfunction appears to be independent of the 
site of right coronary arterial obstruction. 

An important consideration that our study did not 
address is the presence of associated right ventricular 
infarction.?4 Prior studies?^935 have demonstrated that 
20 to 40 percent of inferior infarctions may be associated 
with right ventricular necrosis. More proximal stenosis 
of the right coronary artery with involvement of the 
acute marginal branch may be associated with a larger 
incidence of right ventricular dysfunction; however, this 
issue requires further documentation. 

Therapeutic implications: Our data indicate that 
stenosis confined to the left anterior descending coro- 
nary artery is a heterogeneous disease and that left 
ventricular function—and, in all likelihood, progno- 
sis—is closely related to the site of obstruction in this 
artery. It therefore follows that it is unwarranted (1) to 
classify all stenoses confined to the left anterior de- 
scending coronary artery as "single vessel disease" 
without considering precise location, and (2) to apply 
a uniform therapeutic approach to all patients with 
isolated occlusion of this vessel. 

In contrast to myocardial infarction resulting from 
stenosis confined to the left anterior descending artery, 
infarction consequent to stenoses of the proximal and 
mid portions of the right coronary artery results in only 
modest alterations in global left ventricular systolic 
performance and similar degrees of depressed hemi- 
chordal shortening. Thus, the site of isolated stenosis 
of the right coronary artery, unlike that of stenosis of 
the left anterior descending artery, does not appear to 
determine the extent of left ventricular dysfunction and 
is therefore probably unrelated to prognosis as in- 
fluenced by pump function. 


Whereas definitive conclusions regarding the most 
appropriate therapy for selected subsets of patients with 
coronary artery disease must await the long-term results 
of matched populations of medically and surgically 
treated patients, certain therapeutic implications may 
be derived from this study. If the principal determinant 
of survival in patients with coronary disease (including 
the most important substrate for malignant ventricular 
arrhythmia) is the extent of left ventricular pump 
dysfunction, it would appear that coronary bypass 
grafting for isolated stenosis confined to the right cor- 
onary artery, regardless of the site of stenosis, is un- 
justified as a means of improving survival. Similarly, 
with regard to stenosis confined to the distal left ante- 
rior descending coronary artery, our study indicates it 
is unlikely that the extent of left ventricular impairment 
by infarction consequent to such stenosis would so alter 
survival as to warrant surgical intervention for the sole 
purpose of extending life. 

However, serious consideration must be given to 
coronary bypass grafting in selected patients with iso- 
lated proximal stenosis of the left anterior descending 
coronary artery for the purpose of preserving left ven- 
tricular function and thereby favorably altering mor- 
tality. With this rationale in mind, an important next 
step is to develop further sensitive means of identifying, 
among patients with stenosis of the proximal or mid left 
anterior descending coronary artery, those at particular 
risk of sustaining myocardial infarction with the at- 
tendant extensive left ventricular dysfunction described 
herein. This important task appears especially chal- 
lenging in light of recent evidence?6 that among patients 
with coronary artery disease who die suddenly, there is 
no correlation between the extent of coronary artery 
disease and the presence of angina pectoris. 
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To determine whether clinical and exercise test variables either separately 
or in combination could reliably detect the presence of left main or three 
vessel coronary disease, 5 clinical and 11 exercise test variables were 
compared with the findings of coronary arteriography in 436 patients. 
Patients with left main coronary artery disease (n — 35) had an earlier 
onset of S-T segment depression (2.1 + 1.4 versus 2.8 + 1.7 min, p 
« 0.05), which was more prolonged (8.7 + 3.6 versus 6.9 + 3.3 min, p 
« 0.05) and appeared in a greater number of electrocardiographic leads 
(6.4 + 2.2 versus 5.0 + 2.2 leads, p <0.001), than did patients with three 
vessel coronary disease (n — 89). Individual clinical or exercise test 
variables were unable to detect left main coronary disease because of 
their low sensitivity or predictive values. The pattern of 2 mm or greater 
downsloping S-T segment depression—which starts in stage 1, lasts at 
least 6 minutes into recovery and is displayed in at least five electrocar- 
diographic leads—was highly predictive (74 percent) and reasonably 
sensitive (49 percent) for the detection of either left main or three vessel 
coronary disease. These criteria have a sensitivity of 74 percent and 
predictive value of 32 percent for the detection of isolated left main cor- 
onary artery disease. 

It is concluded that combining several exercise test variables facilitates 
the detection of severe coronary disease. The specific presence of left 
main coronary artery disease nevertheless remains largely unpredictable 
even with this approach. 


The exercise test has been used in recent years not only to suggest the 
diagnosis of coronary artery disease, but also to predict its severity. 
Several studies!“ have indicated that coronary bypass graft surgery may 
prolong life in certain subgroups of patients with coronary artery disease. 
However, because it is not feasible for all patients with chest pain to 
undergo coronary arteriography, it has become necessary to identify 
these high risk patients using noninvasive means. Although exercise tests 
have traditionally been interpreted as either positive or negative on the 
basis of S- T segment depression, many other features of the exercise test 
response are now analyzed to detect patients with severe coronary dis- 
ease. The relative utility of these other variables has not been estab- 
lished. 

This study was carried out to determine which, if any, exercise test 
variables could serve as important predictors of left main or three vessel 
coronary disease when used in conjunction with the clinical history. A 
“markedly positive" exercise test pattern was also identified that best 
detected patients with severe coronary disease. 


Methods 


Patients: The group studied consisted of 436 consecutive patients referred 
for diagnostic evaluation of suspected or known coronary artery disease who were 
able to undergo both exercise testing and coronary arteriography. Clinical data 
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obtained at the time of cardiac catheterization included the 
age, sex, nature and severity of chest pain according to the 
Canadian Cardiovascular Society (CCS) classification,® and 
description and localization of prior myocardial infarction. 

All patients underwent graded treadmill exercise testing 
according to the standard Bruce protocol.9 A 12 lead electro- 
cardiogram and blood pressure were recorded at rest and 
during exercise and recovery. Selective coronary arteriograms 
using the brachial? or percutaneous femoral? techniques were 
recorded in multiple projections. For the purposes of this 
analysis, significant coronary artery disease was judged to be 
present if a 50 percent or greater reduction in vessel diameter 
was present in the left main coronary artery or a 70 percent 
or greater narrowing of diameter occurred in one or more of 
the other major coronary arterial segments. 

Excluded from this study were patients with valvular heart 
disease, those taking digitalis and those whose resting elec- 
trocardiogram demonstrated left ventricular hypertrophy or 
left bundle branch block. Patients without ischemic S-T 
segment depression or chest pain who did not achieve 85 
percent of the age-adjusted maximal predicted heart rate were 
also excluded. Of the 55 patients eliminated from the study 
because of the latter criterion, 2 had left main and 4 had three 
vessel coronary artery disease. 

Exercise test variables analyzed: These variables in- 
cluded the magnitude, configuration, time of onset and du- 
ration of S-T segment depression; treadmill time; maximal 
. heart rate and blood pressure achieved; number of electro- 
cardiographic leads showing S- T segment depression; pres- 
ence of exercise-induced angina; presence and severity of 
exercise-induced premature ventricular complexes; and the 
presence of an abnormal response (increase or no change) in 
the R wave amplitude in lead V5 at peak exercise when com- 
pared with the standing baseline tracing. 

Patient groups: The 436 patients were classified into four 
groups on the basis of coronary arterial anatomy: Group I, 35 
patients with 50 percent or greater narrowing of the diameter 
of left main coronary artery; group II, 89 patients with three 
vessel coronary disease without left main coronary artery 
disease; group III, 188 patients with either one or two vessel 
coronary disease including 31 (16 percent) with proximal left 
anterior descending coronary artery disease; and group IV, 


TABLE ! 
Clinical Characteristics and Presentation of 436 Patients 


124 patients whose angiograms revealed no significant coro- 
nary artery disease. 

Analysis of data: The sensitivity and predictive value of 
each specified clinical and exercise test variable were calcu- 
lated for patients with left main coronary artery disease alone 


(group I) and for patients with left main or three vessel coro- . 


nary disease together (groups I and II) as follows: 
For patients with isolated left main coronary disease: 
Sensitivity (percent) = 
All group I patients showing the abnormal variable 
X 100. 
All group I patients 


Predictive value (percent) = 


All group I patients showing the abnormal variable 


X 100. 
Total number of patients with the abnormal variable o 


For patients with either left main or three vessel coronary 
disease: 


Sensitivity (percent) — 
All group I and II patients showing the abnormal variable 
All group I and II patients 
x 100. 


Predictive value (percent) — 


All group I and II patients showing the abnormal variable 
Total number of patients with the abnormal variable 
x 100. 


Comparisons of patient groups were evaluated with chi 
square analysis or the unpaired Student's t test. Differences 
were considered significant at probability (p) values of 
«0.05. 


Results 


Left main coronary artery disease was found in 35 
patients (8 percent of the total group); of these, 20 pa- 
tients had 50 to 70 percent stenosis and 15 patients had 
greater than 70 percent luminal narrowing. The ma- 
jority of these 35 patients had disease of other coronary 
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Group ! 
(n — 35) 

Age (yr) 

Range 43-69 

Mean + SD 55.2 + 7.3 

Over 50 years 25 (7196) 

X 

Male 33 (94%) 

Female 2 (6%) 
Chest pain description 

Typical angina 31 (8996) 

Atypical chest pain 2 (696) 

Asymptomatic 2 (696) 
Chest pain classification 

Class 0-II 19 (5496) 

Class IlI-IV 16 (46%) 
Prior infarction 9 (26%) 
Site of infarction 

Anterior 5 (56%) 

Inferior 4 (44%) 


* p <0.05, when compared with group I. 
t p <0.001, when compared with group I. 
n = number; SD = standard deviation. 
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Group II Group III Group IV 

(n — 89) (n — 188) (n = 124) 
37-74 30-71 33-66 
54.0 + 8.4 50.0 + 9.07 49.7 18.0 
64 (7295) 98 (5296) 70 (57 96) 
81 (9195) 160 (8596) 72 (5896) 
8 (996) 28 (1596) 52 (4296)* 
73 (8296) 113 (6096) 24 (1996)! 
7 (8%) 43 (2396)! 95 (77 96)! 

9 (1096) 32 (1796) 5 (496) 
59 (6696) 138 (7396) 89 (7296) 
30 (34%) 50 (27 96) 35 (2896) 
45 (5196) 101 (5496) 6 (596)! 
23 (5196) 38 (3896) 2 (3396) 
22 (4996) 63 (6296) 4 (67 96) 


ey 


EXERCISE TESTING FOR SEVERE CORONARY DISEASE—WEINER ET AL. 





vessels, 14 (40 percent) showing at least 70 percent nary artery disease displayed at least 1 mm of S-T seg- 
stenosis in all three major coronary vessels and 25 (71 ment depression, and in 91 percent there was 2 mm or 
percent) having significant stenosis of the right coronary more depression (Table IT). The only patient with less 
artery. than 1 mm of S- T depression was a 52 year old women 

Clinical characteristics and presentation (Table with atypical chest pain and an isolated 50 percent le- 
I): The majority of patients (89 percent) with left main sion of the left main coronary artery. The exercise test 
coronary disease had presented with typical angina responses of patients with left main coronary artery 
pectoris; 46 percent were in functional class III or IV.? disease (group I) did not differ whether or not they had 
There were no particular clinical features that distin- concomitant three vessel or right coronary artery disease 
guished these patients (group I) from those with milder (Table III). These patients (group I) were distinguished 
forms of coronary artery disease (group II or III), al- from patients with three vessel coronary disease (group 


though members of groups I and II were generally older II) by the earlier onset and longer persistence of S-T 
than patients in groups III and IV (p «0.001). segment depression, as well as by the greater number 


response (Vs) 





Exercise test variables (Tables II and III): of leads in which the depression occurred (Table II). 
Ninety-seven percent of patients with left main coro- Patients without coronary disease (group IV) and those 
TABLE Il 
Characteristics of the Exercise Test Response 

Group | Group Il Group IV Group IV 
(n = 35) (n = 89) (n = 188) (n = 124) 
Amount of S-T} 

-1 mm 1(3%) 3 (496) 61 (3296)* 102 (82%)*T 
1-2 mm 2 (696) 25 (2896)* 64 (3496)* 21 (1796) 
2-3 mm 11 (3196) 28 (3296) 33 (1896) 1 (196)! 
23mm 21 (60%) 33 (37 96) 30 (1696)! 0 (096)! 

Configuration of S-T| 
Upsloping 0 (096) 2 (2%) 12 (9%) 14 (64%)t 
Horizontal 5 (15%) 16 (19%) 56 (44%)* 6 (5%) 
Downsloping 29 (84%) 68 (79%) 60 (47 96)* 2 (296)! 
Onset of S-T (min) 
Range 1-6 1-9 1-10 2-9 
Mean 2.1 2.8 4.0 6.4 
+SD +1.4 £1.7" +2.3t +2.7t 
In stage | 31 (8996) 68 (7696) 72 (3896)* 3 (296)! 
Duration of S-T | (min) 
Range 2-15 1-15 1-18 dat 
Mean 8.7 6.9 5.1 E7 
+SD +3.6 +3.3° 23.5! :11.4* 
23 32 (91%) 82 (92%) 94 (50%)* 3 (296)! 
26 29 (83%) 56 (63%) 45 (2496)! 1 (196)! 
28 22 (63%) 41 (46%) 24 (1396)! O (096)! 
Leads (n) with S-T| 
Range 0-9 0-10 0-9 0-5 
Mean 6.4 5.0 2.9 0.44 
+SD +2.2 32.2! 2.6! +1.17 
23 leads 32 (91%) 79 (89%) 106 (56%) 9 (796)! 
25 leads 30 (86 96) 51 (5796) 54 (2996) 3 (296)! 
27 leads 21 (6096) 27 (3096)* 22 (1296)! 0 (096)f 
Treadmill time (min) 
Range 2.0-9.6 1.3-13.5 1.2-13.5 2.0—13.0 
Mean 4.7 4.9 6.7 8.0 
+SD +2.1 $2.3 12.9! 2.8! 
<6 minutes 30 (86 96) 69 (7896) 91 (4896)* 30 (2496)! 
Peak systolic BP (mm Hg) 
Range 120-210 100-200 100-210 120-240 
Mean 150.1 150.2 161.1 168.1 
+SD +29.2 +28.7 +24.2* 4-26.5! 
Peak BP «130 mm Hg 12 (3496) 16 (1896) 24 (1396)* 5 (496)! 
Fall in systolic BP 8 (2396) 15 (1796) 12 (696)* 0 (096)! 
Maximal HR (beats/min) 
Range 80-148 88-185 93-185 98-210 
Mean 117.8 125.1 135.4 151.0 
+SD +27.0 +18.2 +18.41 +22.31 
Peak HR <120 22 (63%) 43 (48%) 25 (1396)! 10 (896)! 
Angina 29 (8396) 65 (7396) 88 (4796)* 12 (1096)! 
Any PVCs 15 (43%) 31 (35%) 45 (24%) 17 (14%)* 
Repetitive PVCs 7 (20%) 14 (16%) 15 (8%) 6 (596)* 
Abnormal R wave 23 (6696) 50 (5696) 84 (45%) 15 (1296)! 





* p «0.05, when compared with group I. 

t p «0.001, when compared with group I. 

BP = blood pressure; HR = heart rate; n = number; PVCs = premature ventricular complexes; SD = standard deviation; S-T| = S-T segment 
depression. 
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TABLE Ill 


Characteristics of Exercise Variables in Patients With Left Main Coronary Disease (group I) According to Coexisting Patterns 


of Coronary Pathoanatomy 
von rmm wi NL dui EC LET MR PCS SIDE PSOE JEU: 05 POA EN. OAS D Sore Ni eee Soh aie 
LMCA With LMCA Without LMCA With LMCA Without 
3 Vessel 3 Vessel RCA RCA 
(n — 14) (n = 21) (n — 25) (n — 10) 
Amount of S-T| 
2-3 mm 4 (2996) 7 (3396) 9 (3696) 2 (2096) 
>3 mm 10 (7196) 11 (5296) 15 (6096) 6 (60%) 
Downsloping S-T| 12 (8696) 17 (8196) 22 (8896) 7 (7096) 
Onset of S-T| in stage 1 13 (9396) 18 (86%) 23 (92%) 8 (8096) 
Hue of S-T| 12 (86%) 17 (8196) 22 (8896) 7 (7096) 
Z omin 
7 5 leads with S-T} 13 (93%) 17 (8196) 22 (88%) 8 (80%) 
Exercise-induced angina 13 (9396) 16 (76%) 21 (84%) 8 (80%) 
Treadmill time (min) 
<6 14 (100%) 16 (76%) 23 (92%) 7 (70%) 
<3 6 (43%) 6 (29%) 8 (32%) 4 (4096) 


LMCA = left main coronary artery disease; n = number; RCA = right coronary artery disease; S-T| = S-T segment depression. 


with one or two vessel coronary disease (group III) dif- 
fered significantly from patients with left main coronary 
disease in most of the exercise test variables examined. 
Of the 61 patients in group III with less than 1 mm of 
S-T segment depression, 42 (69 percent) had a prior 
myocardial infarction; of these, 30 patients (71 percent) 
had only one vessel coronary disease. 

Detection of left main or three vessel coronary 
artery disease (Table IV): Most of the clinical vari- 
ables analyzed were present in patients with left main 
coronary artery disease, yet no single clinical variable 
predicted the presence of either isolated disease of this 
artery (group I) or disease of this artery in combination 
with three vessel coronary disease (groups I and II). 
Among the exercise test variables examined, a decrease 
in systolic blood pressure during exercise best antici- 
pated (23 percent) left main coronary artery disease, but 
this decrease occurred in only 23 percent of patients 
with such disease. An an indicator of left main or three 
vessel coronary disease, this variable had a 66 percent 
predictive value, but it occurred in only 19 percent of 
patients; the criterion of 3 mm or more of S-T segment 
depression was met in many more patients (44 percent) 
and had an only slightly lower predictive value (64 
percent). 

Combined analysis of test variables (Table V) dis- 
closed that the development of 2 mm or more of down- 
sloping S-T depression which begins in stage 1, persists 
for at least 6 minutes into recovery and involves at least 
five electrocardiographic leads—had optimal sensitivity 
(74 percent) and predictive value (32 percent) for left 
main coronary disease. This abnormal pattern of the 
S-T segment response to treadmill exercise identified 
patients with either left main or three vessel coronary 
disease with a sensitivity of 49 percent and a predictive 
value of 74 percent in our group. 


Discussion 


Several studies!-4^ have indicated that the lives of 
symptomatic patients with left main coronary artery 
disease may be prolonged by coronary bypass graft 
surgery. Our study was designed to determine whether 
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any clinical or exercise test findings either alone or in 
combination could identify such patients and prove 
helpful in selecting those patients with chest pain who 
should undergo cardiac catheterization. Moreover, we 
considered that the increased risk of coronary arteri- 
ography in patients with left main coronary artery dis- 
ease?410-13 might be minimized by the safer technique 
of nonselective aortic sinus injections of contrast me- 
dium if such patients could be identified before cathe- 
terization. Because a report from the European Coro- 
nary Surgery Study Group" and preliminary reports 
from other groups!?-!? have suggested that symptomatic 
patients with three vessel coronary disease may also 
show improved survival after coronary bypass surgery, 
we included such patients in our analysis. Previous 
studies!?-?! have concluded that no pattern of the ex- 
ercise test response is particularly characteristic of pa- 
tients with left main coronary artery disease, but in most 
of these studies, analysis has been limited to the mag- 
nitude of the S- T segment depression. We have dem- 
onstrated that identification of patients with left main 
or three vessel coronary disease can be improved by 
combined analysis of several readily obtained features 
of the exercise test. 

Predictive value of S- T segment depression: An 
abnormal finding on the exercise test can prove useful 
in detecting left main coronary artery disease only when 
this finding has both high predictive value and a high 
level of sensitivity. Although many of the individual 
clinical and exercise test variables evaluated in our 
study were frequently observed in the patients with left 
main coronary artery disease, their respective predictive 
values were too low to be useful in practice. When used 
to screen patients for left main coronary artery disease, 
the criterion of 2 mm of S- T segment depression could 
be helpful, because it was absent in only 3 (9 percent) 
of 35 patients with such disease in our study group. 

Analysis of the clinical features of all 436 patients 
disclosed no single variable that helped either to dis- 
tinguish left main from three vessel coronary disease or 
to predict the presence of left main coronary artery 
disease. This was also true of the individual exercise test 
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TABLE IV 
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Sensitivity and Predictive Value of Individual Clinical and Exercise Test Variables for the Detection of Left Main (group !) and 


Left Main or Three Vessel Coronary Disease (group | and II) 


Sensi- 
tivity (96 
Clinical variables 

Age 250 years 71 
Male 94 
History of angina 89 
Functional class Ill-IV 44 
Prior myocardial infarction 26 


Exercise test variables 
Amount of S-T 


21mm 97 

22 mm 91 

23 mm 60 
Configuration of S-T| 

Horizontal 14 

Downsloping 83 
Onset of S-T| in stage 1 89 
Duration of S-T| 

23 min 91 

26 min 77 

28 min 63 
Leads (n) showing S-T| 

23 leads 91 

= 5 leads 86 

27 leads 50 
Treadmill time <6 min 86 
Peak systolic BP <130 mm Hg 34 
Fall in systolic BP 23 
Peak heart rate £120 63 
Angina 83 
Any PVCs 43 
Repetitive PVCs 20 
Abnormal R wave response 66 


Abbreviations as in Table Il. 


variables, although patients with left main coronary 
artery disease tended to show an earlier onset, longer 
duration and more widespread electrocardiographic 
representation of S-T segment depression than did 
patients with three vessel coronary disease. Gold- 
schlager et al.,2* also reported that the duration of 
electrocardiographic evidence of ischemia in the re- 
covery period was more prolonged in patients with left 
main coronary disease, although they noted no differ- 
ence in the time of onset of ischemia. 

In our study, neither the amount nor the configura- 
tion of S- T segment depression was more than 25 per- 
cent predictive of left main coronary disease. Review of 
the data available from existing studies!!!9-*4 revealed 
that a positive exercise test occurred in 341 of the 430 
patients (79 percent) with left main coronary artery 
disease. Among studies in which the amount of S-T 
segment depression was reported, the criterion of at 
least 2 mm S-T segment depression was met in 174 (65 
percent) of 269 patients.1.19.21,23-31,3455 In the few 
studies actually indicating the predictive value of this 
criterion,!9-21,25,32,4 only 20 percent (47 of 231) of the 
patients had left main coronary artery disease. 

Exercise-induced hypotension: Such hypotension 
has long been thought an important indicator of sub- 
sequent cardiovascular events, possibly as a sign of left 
ventricular dysfunction.?6:?? Thomson and Kelemen®® 


Group | Group | and II 
(n = 35) (n = 124) 
Predictive Sensi- Predictive 
Value (%) tivity (%) Value (%) 

9 72 34 
10 92 33 
13 84 43 
12 37 35 

6 44 34 
13 97 44 
20 75 59 
25 44 64 

6 17 34 
18 78 61 
17 80 57 
15 92 54 
22 69 64 
25 51 72 
14 89 49 
22 65 58 
30 39 69 
13 72 45 
15 19 45 
23 19 66 
22 52 65 
15 76 48 
13 37 42 
17 17 50 
13 59 42 


found that 5 (33 percent) of their 15 patients with ex- 
ercise-induced hypotension had at least 75 percent 
narrowing of the left main coronary artery, although 
they did not discuss the frequency of this finding in all 
patients with left main coronary disease. Morris et a1.?? 
found left main coronary disease in 3 of 22 patients wjth 
exertional hypotension (predictive value 14 percent), 


TABLE V 


Combinations of Exercise Test Variables for the Detection 
of Left Main (group |) and Left Main or Three Vessel 
Coronary Disease (group | and II) 


Group | Group | and Il 
(n = 35) (n = 124) 
Sensi- Predictive Sensi- Predictive 
tivity (99) Value (%) tivity (96) Value (96) 
Combination | 77 24 57 69 
Combination II 74 32 49 74 
Combination Ill — 57 38 36 83 


Combination | — 2 mm or more downsloping S-T depression with S-T 
depression beginning in stage 1. 

Combination Il = combination | plus S-T depression lasting 6 or more 
minutes and involving five or more leads. 

Combination Ill = combination Il plus exercise-induced angina and 
treadmill time 6 minutes or less. 
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but noted that only 3 (17 percent) of 18 patients with 
left main coronary disease had exertional hypotension. 
In our series, exercise-induced hypotension was of little 
help in detecting patients with left main coronary dis- 
ease because it had low sensitivity (23 percent) and 
predictive value (23 percent); however, we did not an- 
alyze the prognostic significance of this abnormal blood 
pressure response. 

Other clinical and exercise test variables: Several 
clinical and exercise test variables that did not specifi- 
cally identify left main coronary artery disease were 
more useful in the detection of patients with either left 
main or three vessel coronary disease. In particular, the 
development of either a downsloping S-T segment 
configuration, greater than 2 mm S-T segment de- 
pression, onset of S-T depression in stage 1 of exercise, 
persistence of S-T depression beyond 3 minutes and 
appearance of S-T depression in at least three electro- 
cardiographic leads was over 50 percent sensitive and 
predictive of left main or three vessel coronary dis- 
ease. 

Although combining clinical and exercise test vari- 
ables might increase the predictive value for left main 
coronary disease, such combinations frequently result 
in a loss of sensitivity. McNeer et al.,?? found that of 449 
patients with a positive exercise test who could reach 
only stage 1 or 2 of the Bruce protocol, 24 percent had 
left main coronary disease. Similarly, Bartel et al.?8 
reported that among patients with a positive exercise 
test at a maximal heart rate of less than 130 beats/min, 
23 percent had stenosis of the left main coronary artery. 
Neither study indicated sensitivity levels of combina- 
tions of exercise test variables among their patients with 
left main coronary artery disease. In our study, the 
pattern of downsloping S-T segment depression ex- 
ceeding 2 mm, beginning in stage 1, lasting longer than 
6 minutes into recovery and involving at least five leads 


optimized both the sensitivity (74 percent) and pre- 
dictive value (32 percent) of the test for selection of 
patients with left main coronary disease. This combi- 
nation of variables was even more useful for the detec- 
tion of left main or three vessel coronary disease (sen- 
sitivity, 49 percent; predictive value;74 percent). On the 
basis of these data, the commonly used designation 
"markedly positive” exercise test would best be applied 
to this complex of findings. 

Implications: The results of our study support the 
view that the exercise test should be regarded semi- 
quantitatively?" rather than in the customary quali- 
tative format. Many studies have described only the 
magnitude of S-T segment depression to grade the ex- 
ercise test. Selzer et al.4! analyzed the configuration and 
degree of S-T depression and a derived index of pre- 
mature ventricular complexes to judge the exercise test 
as normal or mildly, moderately or strongly positive and 
used other factors to modify the assessment further. 
Although they suggested that this system might enable 
development of overall diagnostic and prognostic in- 
dexes, the effectiveness of their classification in pre- 
dicting arteriographic findings was not indicated. In 
contrast, our study defines those clinical and exercise 
test variables most useful in predicting coronary 
pathoanatomy; these findings may therefore form the 
basis for such a grading system. Whether the variables 
that most readily detect severe coronary disease are also 
most predictive of subsequent cardiovascular morbidity 
and mortality must be determined by future studies. 
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The relation between the spontaneous electrocardiographic changes and 
coronary arterial anatomy in unstable angina pectoris was examined in 
97 patients with coronary artery disease and transient electrocardio- 
graphic changes during chest pain. Sinus rhythm was maintained during 
pain in all patients. Heart rate increased significantly in 61 percent (mean 
+ standard error of the mean 72 + 2 to 93 + 2 beats/min, probability |p| 
<0.001) and was unchanged or decreased in 39 percent of patients (73 
+ 2 to 72 + 2 beats/min; p = not significant) during pain. S-T segment 
changes developed in 97 percent of patients, of whom 42 percent had S-T 
segment elevation and 55 percent S-T depression. The magnitude of the 
S-T segment shift was greater in patients with triple vessel disease (2.2 
+ 0.4 mm) than in those with double (1.5 + 0.1 mm) or single (1.4 + 0.1 
mm) vessel disease (p <0.05). In 43 patients with single vessel disease 
S-T segment elevation developed in 78 percent of those with right coronary 
artery disease and in only 9 percent of those with left circumflex disease 
(p <0.02). Maximal S-T segment changes were more frequent in the in- 
ferior ieads in patients with right coronary artery disease (56 percent) 
and in the anterior leads in patients with left anterior descending (65 
percent) and circumflex (64 percent) disease (p « 0.05). 

Thus, patients with coronary artery disease and unstable angina 
maintain regular sinus rhythm during chest pain, and the heart rate usually 
increases but may be unchanged or decreased in a significant proportion. 
S-T segment elevation is common in these patients and the magnitude 
of the S-T segment shift is related to the extent of the underlying coronary 
disease. This study suggests that the type and distribution of the repo- 
larization changes are a reflection of the location and severity of the 
atherosclerotic process. 


Unstable angina pectoris is a clinical syndrome characterized by a new 
onset or a changing pattern of angina, associated with transient S-T 
segment or T wave changes in the electrocardiogram and the absence 
of new permanent Q waves or enzymatic evidence of myocardial necro- 
sis.!-? Although in most studies a criterion for unstable angina has been 
transient repolarization changes occurring during chest pain, these 
changes, and particularly their relation to the coronary arterial anatomy, 
have not been well delineated. Information defining the type, location 
and magnitude of the electrocardiographic changes in relation to the 
extent and severity of the underlying atherosclerotic disease would be 
of considerable value in the evaluation of these patients. 

The purpose of this study was to characterize the spontaneous elec- 
trocardiographic changes during episodes of chest pain in a group of 
patients with coronary disease and unstable angina, and to determine 
the relation of these changes to the coronary arterial anatomy. 
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Methods 


Patients and electrocardiographic evaluation: This 
study was performed in 97 patients with coronary disease and 
unstable angina pectoris who were randomly assigned to 
medical or surgical therapy at the University of Alabama as 
part of an ongoing national cooperative study between Jan- 
uary 1972 and December 1976. Unstable angina was defined 
as a new onset or a changing pattern of angina, on effort or at 
rest. The pain had to be sufficiently severe to require admis- 
sion to the coronary care unit, and there had to be no evidence 
of myocardial infarction within 3 months of admission. In 
addition, the anginal pain had to be associated with transient 
S-T segment changes, either upward or downward, or T wave 
changes, or both. The electrocardiographic changes had to 
return to a control pattern within 24 hours if no further pain 
occurred, and there had to be no appearance of new Q waves 
or enzymatic evidence of myocardial necrosis. All patients in 
our study had angina at rest or in association with minimal 
activity in the coronary care unit. 

Standard 12 lead electrocardiograms were obtained with 
the patient at rest during pain-free intervals and during or 
immediately after episodes of chest pain. A standardization 
of 10 mm/1 mV was used. All electrocardiograms were ana- 
lyzed by one of us for cardiac rhythm, heart rate, atrioven- 
tricular and intraventricular conduction and S-T segment and 
T wave changes. The S- T segment changes were classified as 
S-T elevation (1 mm or greater measured from the upper edge 
of the preceding or following T-P segment to the upper edge 
of the S- T segment) or depression (1 mm or greater measured 
from the lower edge of the preceding or following T-P segment 
to the lower edge of the S-T segment). When S-T segment 
deviation was present in the control tracing, a change of 1 mm 
or more with pain, either upward or downward, was considered 
significant. T wave changes during anginal pain were quan- 
titatively described as flat, peaking or inverted. No attempt 
was made to quantitate T wave changes. S- T segment shifts 
in leads II, III and aVF were considered to reflect ischemia in 
the inferior cardiac wall; shifts in leads Vi, Vo, V4 and V4, 
ischemia in the anterior wall; and shifts in leads I, aVL, V5 and 
Ve, ischemia in the lateral wall. When S-T segment changes 
were diffuse, leads in which the changes were maximal 
(maximal elevation or depression from the T-P segment) were 
considered indicative of the location of the ischemic process 
(inferior, anterior or lateral). When S- T segment changes were 
accompanied by reciprocal shifts in other leads, the maximal 
changes were considered primary. If a patient had more than 
one electrocardiogram documenting repolarization changes 
during chest pain, the first one that showed transient S-T 
segment shifts or T wave changes was used for analysis and 
comparison with the baseline tracing. 

Angiographic studies: After giving informed consent and 
within 15 days of admission, all patients underwent biplane 
left ventriculography and selective coronary arteriography. 
Coronary artery disease was considered present when a lesion 
reducing at least 70 percent of the luminal diameter of a major 
epicardial coronary artery was observed on angiography. Le- 
sions involving the diagonal vessels were considered part of 
the left anterior descending coronary artery, and those in- 
volving the left marginal vessels were considered part of the 
left circumflex artery. Patients with disease involving the left 
main coronary artery or with normal coronary arterial anat- 
omy were excluded from this study. 

Study group: clinical features: Table I summarizes the 
clinical characteristics of the study group. The 97 patients had 
a mean age of 52 years (range 28 to 68); 91 were men and 6 
women. Thirty-three patients had had a previous myocardial 


infarction not less than 3 months before admission. Eight 
patients were being treated with propranolol and four with 
digoxin at the time of the study. 

Single vessel coronary disease was present in 44 patients 
(45.4 percent); this involved the right coronary artery in 10 
patients, the left anterior descending artery in 23 and the left 
circumflex artery in 11. Double vessel disease was present in 
39 patients (40.2 percent): In 9 it involved the left circumflex 
and right coronary arteries, in 23 the left anterior descending 
and right coronary arteries, and in 7 the left anterior de- 
scending and the left circumflex arteries. Triple vessel disease 
was present in 14 patients (14.4 percent). 

Statistical analysis: Differences between groups of ob- 
servations were analyzed using the paired Student's t test 
(continuous variables) or the chi square test (discrete vari- 
ables). Duncan’s multiple range test^ was used to assess the 
significance of differences between three groups of observa- 
tions. 


Results 


Rhythm, ventricular ectopic activity and con- 
duction: All 97 patients had sinus rhythm and none had 
10 or more ventricular premature complexes/min in the 
baseline electrocardiogram. Sinus rhythm was main- 
tained in all patients, and there was no observed in- 
crease in ventricular ectopic complexes during chest 
pain. 

Atrioventricular conduction was unchanged during 
pain, and only one patient (0.9 percent) manifested a 
transient nonspecific intraventricular conduction delay 
that normalized soon after the pain subsided. 

Heart rate: Figure 1 illustrates the heart rate re- 
sponse during pain in the 97 patients. In the group as 
a whole, the heart rate increased significantly (p <0.001) 
from 72 + 1 (mean + standard error of the mean) 
beats/min at rest to 85 + 2 beats/min during chest pain. 
However, the heart rate response was not uniform in all 


TABLE | 
Clinical Characteristics of the Study Group 
Patients 
(n) 
Total group 97 
Age 52 + 1 yr* (range 28-68) 
Sex 
M 91 
F 6 
Previous MI 
No MI 64 
One or more MI 33 
Digoxin therapy 4 
Propranolol therapy 8 
Coronary disease! 97 
1 vessel 44 (45.4%) 
RCA 10 
LAD 23 
LCx 11 
2 vessel 39 (40.2%) 
RCA + LCx 9 
RCA + LAD 23 
LAD + LCx 7 
3 vessel 14(14.4%) 


* Value represents mean + standard error of the mean. 

t 70 percent or greater narrowing of luminal diameter. 

LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; MI = myocardial infarction; n = number of patients; 
RCA - right coronary artery. 
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FIGURE 1. Heart rate (HR) during chest pain. In the entire group of 97 
patients, the heart rate increased significantly during pain (left). How- 
ever, in 61 percent of patients it increased (|) more than 10 percent 
(middle) and in 39 percent it did not change or it decreased (|) more 
than 10 percent (right) during pain. MIN — minute; n — number of pa- 
tients; p = probability; pts = patients; SEM = standard error of the 
mean. 


patients. In 59 patients (61 percent) the heart rate from 
the baseline value increased more than 10 percent. In 
this group the heart rate increased significantly (p 
<0.001) from 72 + 2 beats/min to 93 + 2 beats/min. In 
38 patients (39 percent) the heart rate did not change 
or decreased more than 10 percent from the baseline 
value during the episode of pain. In this group the 
baseline heart rate was 73 + 2 beats/min and 72 + 2 
beats/min during chest pain. In three of the four pa- 
tients taking digoxin the heart rate increased more than 
10 percent during pain, and in one it was unchanged. Of 
the eight patients taking propranolol, five had a more 
than 10 percent increase in heart rate and three had no 
change. 

No relation was observed between heart rate response 
during pain and extent of coronary disease, type, loca- 
tioh or magnitude of S- T segment changes or coronary 
dominance. 

Repolarization changes: Ninety-four patients (97 
percent) had transient S- T segment shifts; 41 (42 per- 
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FIGURE 3. Magnitude of maximal S-T segment changes during chest 
pain and extent of coronary disease. In patients with triple vessel (3V) 
disease (right) the S-T segment changes during chest pain were greater 
than in patients with double (2V) (middle) or single (1V) (left) vessel 
disease. SEM - standard error of the mean; V — coronary vessel with 
70 percent or more luminal stenosis. 
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FIGURE 2. Type and magnitude of S-T segment changes during chest 
pain. NO. = number; NS = nonsignificant. 


cent) had S-T segment elevation, and 53 (55 percent) 
had S-T depression. Three patients (3 percent) had only 
transient T wave changes. 

The type and magnitude of the S-T segment changes 
during pain are illustrated in Figure 2. Sixty-two pa- 
tients had an S-T segment change of 1.0 to 1.9 mm; 16, 
a change of 2.0 to 2.9 mm; 8, a change of 3.0 to 3.9 mm; 
and 8 a change of 4.0 or more mm. Figure 2 also dem- 
onstrates that the type of S-T segment change was not 
related to the magnitude of the change. The number of 
patients with S-T segment elevation or depression was 
similar in each group. 

The magnitude of the maximal S-T segment changes 
during pain in relation to the number of coronary ar- 
teries with disease is demonstrated in Figure 3. In 44 
patients with single vessel disease the maximal change 
during pain was 1.4 + 0.1 mm; in the 39 patients with 
double vessel disease, 1.5 + 0.1 mm; and in the 14 pa- 
tients with triple vessel disease, 2.2 + 0.4 mm, which was 
significantly greater (p <0.05) than in those with single 
or double vessel disease. 

Table II shows that of the 94 patients with S-T seg- 
ment changes during pain, the majority had maximal 
changes detected in the anterior leads: 23 (53 percent) 
of 43 patients with single vessel disease, 24 (65 percent) 
of 37 patients with double vessel disease and 8 (57 per- 
cent) of 14 patients with triple vessel disease. 

S-T segment changes in patients with single 
vessel coronary disease: The ability of the S-T seg- 
ment changes to localize the diseased vessel was exam- 
ined in the subgroup of patients with single vessel dis- 
ease. One patient with right coronary artery disease had 


TABLE Il 


Location of Maximal S-T Segment Changes and Extent of 
Coronary Disease* 


Location of Maximal S-T Segment Changes 
CAD Inferior Anterior Lateral Total 


Group n % n % n % (n) 


1V 10 23 23 53 10 23 43 
2V 6 16 24 65 7 19 37 
3V 1 7 8 57 5 36 14 


* Differences between groups are not significant. 
CAD = coronary artery disease; n = number of patients; V = coro- 
nary vessel with 70 percent or more narrowing of luminal diameter. 


ELECTROCARDIOGRAPHIC CHANGES IN UNSTABLE ANGINA—PAPAPIETRO ET AL. i 


only transient T wave changes during pain. The other 
43 patients had S-T segment shifts. 

The type of S-T segment changes observed during 
pain in the 43 patients with single vessel disease is il- 
lustrated in Figure 4. Seven (78 percent) of nine pa- 
tients with right coronary artery disease had transient 
S-T segment elevation and only two (22 percent) had 
S-T depression. In contrast, only 1 (9 percent) of 11 
patients with disease of the left circumflex artery had 
S-T segment elevation and 10 (91 percent) had S-T 
depression. The difference between these two groups 
was highly significant (p <0.02). Of the 23 patients with 
disease involving the left anterior descending artery, 11 
(48 percent) had S-T segment elevation and 12 (52 
percent) had S-T depression. 

Figure 5 illustrates the location of the maximal S-T 
segment changes in these 43 patients. Of the nine pa- 
tients with right coronary artery disease, five (56 per- 
cent) had maximal changes in the inferior, one (11 
percent) in the anterior and three (33 percent) in the 
lateral leads. The only patient with single vessel right 
coronary artery disease and maximal changes anteriorly 
had 1 mm of S- T segment elevation in lead Vo and no 
reciprocal changes present in other leads. Of the 23 pa- 
tients with disease of the left anterior descending cor- 
onary artery, 3 (13 percent) had maximal changes in the 
inferior, 15 (65 percent) in the anterior and 5 (22 per- 
cent) in the lateral leads. Of the 11 patients with left 
circumflex coronary artery disease, two (18 percent) had 
maximal changes in the inferior, 7 (64 percent) in the 
anterior and 2 (18 percent) in the lateral leads. The 
difference between these three groups was significant 
(p «0.05). 


Discussion 


Patients with unstable angina represent a heteroge- 
neous group, and it is not surprising that their electro- 
cardiographic changes during pain are variable. These 
changes may be related to the differences in extent and 
severity of the underlying coronary disease usually 
present, and to the various pathogenetic mechanisms 
responsible for the imbalance between myocardial 
oxygen supply and demand. 

Our study confirms that during ischemic events pa- 
tients with unstable angina usually maintain sinus 
rhythm.? We did not observe an increase in ventricular 
ectopic activity, and this probably represents a limita- 
tion of our study, which was mainly designed to assess 
quantitatively the type, location, and magnitude of the 
transient S- T segment changes during or immediately 
after chest pain, and not to monitor these patients 
continuously for the evaluation of arrhythmias. 

Heart rate during ischemia: The heart rate re- 
sponse during ischemic episodes varied markedly 
among our patients (Fig. 1). Although the majority of 
subjects (61 percent) showed an increase in heart rate 
associated with pain and ischemic electrocardiographic 
changes, in an important number (39 percent) the heart 
rate was unchanged or slower than that recorded in the 
control electrocardiogram. Our study does not allow a 
definitive comment on the sequence of hemodynamic 
events preceding the onset of ischemic pain, and the 
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FIGURE 4. Type of ST segment changes in patients with single vessel 
coronary artery disease. LAD = left anterior descending coronary artery; 
LCx = left circumflex coronary artery; n = number of patients; RCA 
= right coronary artery. 


significance of this observation is not apparent. How- 
ever, one can speculate that the variations in heart rate 
changes associated with ischemic episodes are a re- 
flection of different mechanisms involved in the pro- 
duction of ischemia. The traditional view that myo- 
cardial oxygen imbalance in patients with unstable 
angina is preceded by an increase in heart rate or blood 
pressure, or both,?7? has recently been challenged by 
several investigators.9-!? These studies have strongly 
suggested that in a significant number of patients the 
primary event is a reduction in coronary blood flow, and 
the heart rate may not change or may even decrease 
during ischemia. Our findings are in agreement with 
these observations. 

Repolarization changes during ischemia: By 
definition, our study group was restricted to those pa- 
tients with unstable angina and transient electrocar- 
diographic changes. The great majority (97 percent) had 
S-T segment changes and only a few (3 percent) had 
isolated 'T wave changes. These findings are also in 
agreement with the experience of other investigators? 
who have indicated that in unstable angina S- T segment 
changes are much more frequent than isolated T wave 
changes. 
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FIGURE 5. Location of maximal S-T segment changes in patients with 
single vessel disease. Abbreviations as in previous figures. 
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A somewhat unexpected finding was the development 
of ischemic S- T segment elevation in a large number of 
patients (42 percent). The incidence of transient S-T 
segment elevation in unstable angina has been reported 
in 0,? 22,7 281,12? and 31 percent!? of patients. Recently, 
however, Rahim et al.!^ reported an equal frequency of 
S-T segment elevation and depression (45.5 percent 
respectively) in a group of 24 patients. We found no 
relation between the direction of S- T segment deviation 
and the magnitude of the change, a similar number of 
our patients with S- T segment elevation and depression 
having S- T segment shifts of 1, 2, 3 and 4 or more mm. 
In addition, we found no relation between the type of 
S-T segment change and the number of vessels involved. 
These observations and the lack of relation between the 
heart rate response and the type of S- T segment shift 
are in agreement with the view that the direction of the 
S-T segment deviation reflects differences in the extent 
and distribution of the ischemic process!?!6 rather than 
differences in pathogenetic mechanisms. 

We also found that the magnitude of the S-T seg- 
ment changes associated with pain was greater in pa- 
tients with triple vessel disease (2.2 + 0.4 mm) than in 
those with double (1.5 + 0.1 mm) or single (1.4 + 0.1 
mm) vessel disease (Fig. 3). Although the relation be- 
tween the magnitude of the ischemic S-T segment 
changes and the severity of myocardial ischemia is 
complex,!?8 previous studies!? have shown a qualita- 
tive relation between decreased myocardial blood flow 
and magnitude of S-T segment shifts. Angell et al.2° 
found a close correlation between the magnitude of 
precordial S-T segment changes and myocardial oxygen 
tension, as the latter was varied by altering coronary 
perfusion pressure in open chest dogs. Our findings 
suggest that, when myocardial ischemia develops in 
patients with unstable angina and triple vessel disease, 
it is of greater magnitude than when it develops in pa- 
tients with single or double vessel disease. This phe- 
nomenon could conceivably be related to development 
of ischemia simultaneously in territories perfused by 
different coronary arteries, or in a region perfused by 
one vessel but with impaired collateral blood flow when 
the other epicardial arteries have extensive disease. The 
observation that the magnitude of the S-T segment 
shifts is related to the number of vessels involved had 
been suggested by other investigators’ and may be 
useful information in the noninvasive evaluation of 
these patients. 

The majority of patients in our study had maximal 
S-T segment changes in the anterior leads. This is 
probably a reflection of the great prevalence of left an- 
terior descending coronary artery disease in our group 
(67 [69 percent] of 97 patients). Of interest is the ob- 
servation (Table II) that 13 (93 percent) of 14 patients 
with triple vessel disease had maximal S-T segment 
changes detected in the anterior or lateral leads and only 
one patient (7 percent) in this group had maximal 
changes in the inferior leads. Additionally, of the 17 
patients with maximal S- T segment changes in the in- 
ferior leads, only 1 had triple vessel disease and the 
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other 16 had single or double vessel involvement. Al- 
though the accuracy of the electrocardiogram in pre- 
dicting the number of vessels involved in a population 
with unstable angina will be influenced by the extent 
of the disease in that population, these data suggest that 
when maximal S-T segment changes are detected in the 
inferior leads, single or double vessel disease is the 
probable underlying cause. 

S-T segment changes in single vessel disease: The 
relation between the coronary vessel involved and the 
type and location of maximal S-T segment changes 
during ischemic episodes is of considerable interest. To 
assess this relation, we examined the 43 patients with 
single vessel disease and ischemic S- T segment changes 
(Fig. 4) and found that the majority (78 percent) of 
patients with isolated right coronary artery disease had 
S-T segment elevation during pain. In contrast, most 
patients (91 percent) with isolated left circumflex dis- 
ease had S- T segment depression. 'To our knowledge, 
this difference in the type of S- T segment shift between 
patients with single vessel disease of the right and cir- 
cumflex arteries has not been previously reported. 

The majority of patients with right coronary artery 
disease had maximal changes in the inferior or lateral 
leads, and only one (11 percent) had maximal changes 
in the anterior leads (Fig. 5). This single patient with 
right coronary artery disease and maximal S- T segment 
changes anteriorly hada dominant right coronarv artery 
occluded in its mid segment, and no lesions present in 
the left anterior descending or circumflex arteries. We 
have no explanation for the location of the S-T segment 
changes in this patient. In contrast, patients with left 
anterior descending or circumflex disease (65 and 64 
percent, respectively) frequently had maximal S-T 
segment changes present in the anterior leads (Fig. 5). 
Griffith et al?! recently reported in abstract form 
similar findings in patients with left anterior descending 
and right coronary artery disease. However, five of their 
patients with left circumflex disease had transient 
electrocardiographic changes present in the inferior 
leads, three had changes in the lateral leads and none 
had changes in the anterior leads. These apparent dif- 
ferences from our data could partially be explained by 
differences in coronary dominance and study design, 
because these authors reported the sensitivity of the 
different leads in detecting transient electrocardio- 
graphic changes, and our study focused on the site of 
maximal changes. 

Our findings regarding the type, magnitude and 
location of maximal S- T segment changes in patients 
with coronary artery disease and unstable angina may 
be valuable in the noninvasive evaluation of these 
patients. However, it is important to emphasize that the 
predictive accuracy of a test is related to the prevalence 
of the disease in the patients under study.?? Because of 
protocol design, our group did not include patients with 
normal coronary arteries or with left main coronary 
disease. In addition, our patients had a greater preva- 
lence of single vessel and a lesser prevalence of triple 
vessel disease than those described in most published 
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reports.7.112325 Thus, caution should be exerted when 
interpreting these results in relation to other patients 
with unstable angina whose underlying coronary arterial 
anatomy may be significantly different from that of our 
group. 

Clinical implications: This study indicates that in 
patients with coronary disease and unstable angina 
pectoris regular sinus rhythm is maintained during 
episodes of chest pain. The heart rate increases in the 
majority of patients but shows no change or decreases 
in an important minority. In a significant number of 
patients with unstable angina S-T segment elevation 


develops, and in patients with triple vessel coronary 
disease more S-T segment changes develop than in 
patients with single or double vessel disease. In patients 
with single vessel disease the type and location of the 
S-T segment changes are closely related to the coronary 
artery involved. 
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Global and regional left ventricular function was assessed at rest, during 
spontaneous angina pectoris and after nitroglycerin therapy in 14 patients 
with ischemic heart disease. Cardiac output, left ventricular pressure and 
left ventricular volume were measured when patients experienced 
spontaneous angina pectoris during cardiac catheterization. In every 
patient control measurements had already been made; further mea- 
surements were made after nitroglycerin had relieved pain. Subsequent 
coronary angiography showed significant two or three vessel disease in 
all 14 patients. The S-T segment was depressed in every patient during 
pain (average 0.26 + 0.04 mV; mean + standard error of the mean [SEM]). 
During spontaneous angina, there was a significant increase in left ven- 
tricular end-diastolic pressure (17 + 2 to 35 + 2 mm Hg, p « 0.001), left 
ventricular end-diastolic volume (77 + 6 to 88 + 8 ml/m?, p « 0.005) and 
left ventricular end-systolic volume (35 + 4 to 52 + 7 ml/m?, p <0.001). 
Concomitantly stroke index decreased from 42 + 2 to 36 + 3 ml/beat per 
m? (p <0.01) and ejection fraction from 56 + 4 to 44 + 4 percent (p 
<0.001). 

Assessment of regional left ventricular performance during spontaneous 
angina revealed either development of new areas or extension of already 
existing areas of abnormal wall motion in all patients. Nitroglycerin re- 
stored global and regional left ventricular function to a normal state. In 
six individual patients there was an excellent correlation between the S-T 
depression (Vs) and left ventricular end-diastolic pressure during spon- 
taneous angina (correlation coefficient [r] = 0.88 to 0.96) and after ni- 
troglycerin therapy (r — 0.76 to 0.84). For the group, there was a good 
correlation between change in S-T depression and changes in left ven- 
tricular end-diastolic pressure (r — 0.87) and left ventricular end-diastolic 
volume (r — 0.78). Thus, these data indicate marked systolic and diastolic 
dysfunction of the left ventricle during spontaneous angina pectoris, 
characterized by decreases in stroke index and ejection fraction and in- 
creases in left ventricular end-systolic and end-diastolic volumes and left 
ventricular filling pressure. 


Spontaneous angina pectoris is defined as anginal pain commencing at 
rest and unrelated to deliberately induced stress or other identifiable 
factors. The clinical picture of this syndrome was well described by 
Heberden in 1772.! Although his basic observations have been extended, 
clinical descriptions of this disease have not changed markedly. During 
the past decade circulatory changes during spontaneous angina pectoris 
have been studied by many investigators.?-? Although these studies have 
indirectly suggested that left ventricular function is impaired, little is 
known regarding the precise nature of this impairment during sponta- 
neous angina pectoris. Most assumptions regarding left ventricular 
function during angina have been based on studies carried out during 
angina induced by either atrial pacing?-!? or exercise.!4-18 In this study, 
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we describe the direct changes in left ventricular func- 
tion we observed in a group of patients who had spon- 
taneous angina pectoris in the cardiac catheterization 
laboratory. We also describe the effect of sublingual 
nitroglycerin on global and regional function of the left 
ventricle during spontaneous angina. 


Methods 


Study patients: Between 1974 and 1977 in 43 patients with 
a history of unstable angina pectoris chest pain developed at 
rest during cardiac catheterization; it was possible to make 
complete observations in 14 of these patients. The remaining 
29 patients were excluded from the study either because the 
pain could not be considered classic angina pectoris or because 
it was not spontaneous but rather had been provoked by 
coronary angiography or ventriculography. Thus, of the 43 
patients the 14, 12 men and 2 women, in whom unequivocal 
spontaneous angina pectoris developed are the subjects of this 
report. The history of angina in this group ranged from 2 to 
12.5 years, and the average age of the patients was 55.2 years 
(range, 45 to 71). Each patient had a history of exertional 
angina; all had been to the hospital for cardiac catheterization 
because of severe angina at rest that was poorly controlled 
by medical therapy (bed rest, oxygen, sedation, propranolol, 
nitroglycerin or isosorbide dinitrate). Recent evolving myo- 
cardial infarction had been ruled out by serial electrocardi- 
ography and cardiac enzyme analysis. No patient had a history 
of heart failure; six patients had a history of previous myo- 
cardial infarction. All patients had sinus rhythm. Nine had 
electrocardiographic abnormalities at rest suggestive of either 
ischemia or old myocardial infarction. The cardiothoracic ratio 
on chest X-ray film was less than 50 percent in all. Propranolol 
therapy was discontinued gradually in each patient 2 days 
before the study, but administration of isosorbide dinitrate 
was continued until the day of the study, when the morning 
dose of the drug was omitted. 

Recently we demonstrated that during exercise-induced 
angina pectoris severe left ventricular dysfunction develops, 
even though the majority of patients have normal left ven- 
tricular function at rest.1?.!6 Because we recognized the clinical 
significance of angiography during exercise-induced angina, 
we decided to perform left ventriculography (during cardiac 
catheterization) as a routine procedure in case spontaneous 
angina pectoris should develop. All patients were under con- 
sideration for coronary bypass surgery. The hemodynamic 
investigations were an essential part of the diagnostic proce- 
dure in each patient; the studies described involved no addi- 
tional cannulation. 

Design of investigation (Fig. 1): Selective coronary ar- 
teriography was performed first as a diagnostic procedure; we 
then waited 10 to 15 minutes for any hemodynamic changes 
to return to control level. Intracardiac pressures and cardiac 
output were then measured and left ventriculography was 
performed. In the 14 patients in whom spontaneous angina 
pectoris developed, we repeated the same procedures (de- 
termination of intracardiac pressures and cardiac output and 
left ventriculography) during angina pectoris. The average 
time for these procedures during spontaneous angina was 4 
minutes (range, 3 to 6). In four patients chest pain subsided 
rapidly without nitroglycerin therapy. The remaining 10 pa- 
tients required nitroglycerin sublingually to relieve chest pain, 
after which we repeated the hemodynamic measurements and 
left ventriculography. The total amount of contrast material 
used averaged 205 ml (approximately 3 ml/kg body weight). 
All patients tolerated the study well and there were no com- 
plications during or after the study. 
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Hemodynamic methods: Selective coronary angiography 
was carried out with the Judkins technique. Left heart cath- 
eterization was performed with a multilumen angiographic 
catheter (Ducor Cordis, no. 7 French). Right heart catheter- 
ization was performed with a Swan-Ganz thermodilution 
catheter. Cardiac output was measured with both the Fick and 
the thermodilution methods during the control period and 
after nitroglycerin therapy. During spontaneous angina car- 
diac output was measured only with the thermodilution 
method. In a study of 27 patients in our laboratory we have 
found a good correlation (r = 0.91) between simultaneous 
measurements of cardiac output at rest obtained with the Fick 
and thermodilution methods. 

Left ventriculograms were performed at a 45? right anterior 
oblique plane during full inspiration at a camera speed of 60 
frames/s. Left ventricular pressures were recorded immedi- 
ately before each ventriculogram. Aortic pressures (dynamic 
and mean) were recorded with a no. 4 French polyethylene 
catheter introduced percutaneously through the brachial ar- 
tery and advanced into the ascending aorta. 

Measurements, calculations and statistical analysis: 
Stroke index was calculated by dividing cardiac index by the 
heart rate; left ventricular (LV) volumes were calculated from 
the first three angiographic beats by the area-length method.!? 
Ejection fraction in percent was calculated as: 


LV end-diastolic volume — LV end-systolic volume 
LV end-diastolic volume 


Regional wall motion of the left ventricle was assessed with 
methods described previously.!? Briefly, several left ventric- 
ular segments were individually measured during end-systole 
and end-diastole. All frames from end-systole to end-diastole 
were superimposed so that the mid aortic points and the long 
axes coincided. The segments measured as meridian lengths 
in the right anterior oblique plane from the fixed anatomic 
points were: (1) long axis-mid aortic point to the apex; (2) 
anterior wall-meridian length from aortoventricular junction 
to apex anteriorly and superiorly; (3) inferior wall-meridian 
length measured from aortoventricular junction to apex 
posteroinferiorly. Left ventricular (LV) wall motion was 


X 100. 


Heort Rate 
(minutes) 


Aortic 
Pressur 
(mm Hg) 


LVEDP 
(mm Hg) 


ST 
Depression 
(mm) 





TIME (minutes) 


FIGURE 1. Case 14. Time sequence of left ventriculography (LV GRAM) 
in relation to the hemodynamic and electrocardiographic changes at 
rest during the control period, during spontaneous angina pectoris and 
after nitroglycerin (NTG) therapy. LVEDP = left ventricular end-diastolic 
pressure. 
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normalized as percent shortening from end-diastole to end- 
systole as: 


% shortening of LV segment 


= End-diastolic length — End-eystolic length 
End-diastolic length 


In normal subjects we have found that at rest the average 
percent shortening of the long axis, anterior wall and inferior 
wall was 20 + 5 percent, 25 + 5 percent and 20 + 5 percent 
(mean + 2 standard deviations), respectively. If the percent 
shortening of a given segment of the left ventricle at rest de- 
creased by 5 percent or more, the segment was judged hypo- 
kinetic; if it decreased by less than 5 percent, it was regarded 
as akinetic, and if it increased by 5 percent or more, it was 
considered hyperkinetic. Further details of this semiquanti- 
tative method have been described elsewhere.!9 

Changes in S-T depression (lead V5), left ventricular 
end-diastolic pressure and left ventricular end-diastolic vol- 
ume from the control period at rest to angina and then after 
nitroglycerin therapy were analyzed. Also, changes in S-T 
depression were correlated with the corresponding changes 
in left ventricular end-diastolic pressure and left ventricular 
end-diastolic volume. In 6 of the 14 patients continuous rec- 
ords of S- T depression and left ventricular end-diastolic 
pressure were available. In these patients, using a sonic digi- 
tizer interfaced with an IBM 5100 mini-computer, we analyzed 
a series of consecutive cardiac cycles for simultaneous S-T 
depression (V5) and left ventricular end-diastolic pressure. 
Approximately 600 beats were analyzed from each patient's 
data at rest, during spontaneous angina and after nitroglycerin 
therapy. The computer was programmed to measure S-T 
depression and the simultaneous left ventricular end-diastolic 
pressure for each beat and these data were then transferred 
to a storage tape file. The computer was then used to locate 
the left ventricular end-diastolic pressure for a given S-T 
depression; these values of left ventricular end-diastolic 
pressure for a given S- T depression were averaged and plotted. 
We measured the left ventricular end-diastolic pressure from 


X 100. 


multiple beats because there were marked variations in this 


pressure due to respiration and no variation in S- T depression 
due to respiration. At least 20 to 30 beats were averaged for 
a given S- T depression to minimize the effect of respiration 
on left ventricular end-diastolic pressure measurements. 


Results 


Selective coronary arteriography (Table I): Se- 
lective coronary angiography revealed significant lesions 
(70 percent obstruction of luminal diameter or more) 
in two or three vessels in all patients. Left main coronary 
arterial lesions were found in 4 of the 14 patients; in each 
case they were associated with significant lesions in 
other vessels. 

Spontaneous angina pectoris: In all 14 patients 
unprovoked angina pectoris developed with electro- 
cardiographic evidence of myocardial ischemia. In 4 
patients spontaneous angina pectoris subsided without 
nitroglycerin, whereas the other 10 patients required 
nitroglycerin to relieve angina; the average dose was 0.88 
mg (range, 0.4 to 2.4). The chest pain that developed 
during the study was qualitatively similar to the prior 
angina at rest; the average duration of angina after ni- 
troglycerin therapy was 10.4 minutes (range, 5.2 to 
15.6). 

Electrocardiographic S-T depression (chest lead 
V5): At rest during the control period, the average S-T 
depression of the group was 0.01 + 0.01 mV (mean + 
standard error of the mean). During spontaneous angina 
pectoris, the S- T depression progressed to an average 
value of 0.26 + 0.04 mV (p «0.001 when compared with 
that of the control period), which reverted to the base- 
line level during nitroglycerin therapy; nitroglycerin 
therapy resulted in complete relief of chest pain. De- 
tailed data of individual patients are given in Table 
II. 

Hemodynamic data (Table II): At rest during the 
control period the heart rate, aortic pressures (systolic, 
diastolic and mean), cardiac index and stroke index 
were within normal limits. The average left ventricular 
end-diastolic pressure was 17 + 2 mm Hg. 

During spontaneous angina pectoris, most hemo- 
dynamic variables changed markedly. Left ventricular 
end-diastolic pressure increased consistently (p <0.001) 
and stroke index decreased significantly (p «0.01). 


TABLE | 
Severity and Distribution of Coronary Arterial Lesions in Patients With Spontaneous Angina Pectoris 
Coronary Artery Disease 
MELLE eee mai e bh X Xo E RI E T E Rr. lE a ane UN Collateral 
Case LMCA LAD LCx RCA Others Circulation * 

1 N 85 96 90 96 85 96 N None 
2 N 100% - 85 96 85 96 N None 
3 N 7096 80 96 95 96 N LAD —> RCA 
4 N 95% 70% 90% N LCx —> LAD 
5 N 92% 60% 90% N LCx — LAD 
6 N 90% 70% 90% N LCx — LAD 
7 50% 70% 75% 80% N LCx —> RCA 
8 60% 80% 95% 75% N LAD — RCA 
9 50% 30% 40% 100% 60% LOM None 
10 N 80% 60% 85% N LCx —> LAD 
11 N 80% 70% 95% N LAD — RCA 
12 N 90% 100% 85 96 N LAD — LCx 
13 60% 70% 95% 90% N LAD — RCA 
14 N 75% 90% 100% N LAD — RCA 


* Arrows indicate direction of collateral blood flow. 


LAD = left anterior descending artery; LCx = left circumflex artery; LMCA = left main coronary artery; LOM = left obtuse marginal coronary 


artery; N = normal. RCA = right coronary artery. 
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TABLE Il 
Hemodynamic Measurements at Rest, During Spontaneous Angina Pectoris (SAP) and After Nitroglycerin Therapy (NTG) 
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Case (m?) 
v 4175 
2 1.77 
gui. 1.70 
4 1.76 
5 Be 
6 1.88 
7 1.76 
8 1.58 
9 1.85 
10 1.60 
11 1.46 
12 1.84 
13 2.00 
14 1.98 
Mean 
+ SEM 
p value 
BSA = body 


BSA Age (yr) 


& Sex State 


37M Rest 
Pain 
NTG 


46M Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
NTG 


Rest 
Pain 
{NTG 


Rest versus 
pain 

Rest versus 
NTG 

Pain versus 
NTG 


60M 


51M 


39M 


49M 


61M 


54M 


65M 


66F 


64F 


56M 


55M 


70M 


HR 
(beats/ 
min) 


78 
88 


72 
93 


79 


<0.05 
NS 


CI 
(liters/ 
min 
per m?) 


3.2 
2.7 


mm moo 
ON WON 


ON wyw WON NNN SSP NNN ANO SOW POO WNW 
HHH OR ABO NON ODER WHD NOA OND OO Ono 


NS 
<0.01 
<0.01 


SI 
(ml/ 
beat 

per m?) 


41 
31 


38 
39 


42 2 
36 +3 
47 4 
«0.01 
«0.05 


«0.01 


110 
105 


140 
135 


170 
179 


70 
69 


78 
74 


77 13 
79 13 
69 + 4 


NS 
<0.02 


Aortic Pressure (mm Hg) 
D M 


<0.05 


«0.005 «0.005 


LVEDP LVEDV LVESV 
(mm Hg) (ml/m?) (ml/m?) 


10 
35 


16 
35 


10 
33 


20 
45 


«0.001 
«0.05 
«0.001 


63 
72 


72 
104 


NS 


«0.05 «0.02 «0.005 


EF 
(%) 
27 68 
42 42 
37 53 
64 38 
52 44 
74 32 
57 50 
106 32 
43 63 
30 51 
34 42 
53 37 
80 20 
40 56 
41 53 
48 55 
39 56 
25 64 
34 58 
19 73 
45 59 
75 41 
30 73 
13 70 
21 63 
13 72 
9 87 
14 79 
7 89 
47 48 
57 36 
50 41 
27 41 
28 40 
18 51 
27 57 
44 39 
37 65 
35 44 5644 
5247 4444 
30+5 6444 


<0.001 <0.001 
<0.05 <0.05 


0.01 
0.26 
0.03 


S-T 
Depression 
(mV) 


0.00 
0.28 


0.00 
0.26 


0.05 
0.50 


OOO OOO Ooo ooo ooo ooo ooo ooo ooo 


HHH ORA oao oao oao ozro oro ono -aO ONO 
ooo CUO AAS ASS omo SES GHS moo ooo ooo 


.01 
.04 
03 
«0.001 


NS 
«0.005 


surface area; Cl = cardiac index; D = diastolic pressure; EF = ejection fraction; HR = heart rate; LVEDP = left ventricular end-diastolic 


pressure; LVEDV = left ventricular end-diastolic volume; LVESV = left ventricular end-systolic volume; M = mean pressure; NS = not significant; 


p = probability; SI = stroke index; S = systolic pressure; SEM - standard error of the mean. 


July 1980 The American Journal of CARDIOLOGY Volume 46 ` 37 


SPONTANEOUS ANGINA PECTORIS—SHARMA ET AL. 


TABLE III 


Regional Abnormalities of Left Ventricular Wall Motion at 
Rest, During Spontaneous Angina Pectoris and After 
Nitroglycerin Therapy * 


Normal Asynergy! —Hyperkinesia 
State n 96 n % n % 
Anterior wall 
Control rest 8 57.1 5 357 1 rg 
(n — 14) 
Spontaneous 2 14.3 11 78.5 1 7.2 
angina pectoris 
(n = 14) 
Nitroglycerin 7 70 2 20 1 10 
(n — 10) 
Apex 
Control rest 5 35.7 7 50.0 2 14.3 
(n — 14) 
Spontaneous 4 28.5 9 64.3 1 rid 
angina pectoris 
(n — 14) 
Nitroglycerin 6 60 3 30 1 10 
(n — 10) 
Inferior wall 
Control rest 7 50.0 7 50.0 0 0 
(n — 14) 
Spontaneous 4 28.5 10 71.5 0 0 
angina pectoris 
(n = 14) 
Nitroglycerin 5 50 4 40 1 10 
(n = 10) 


* The method of semiquantitative assessment of regional wall motion 
is described in the text; 

* Asynergy includes hypokinesia, akinesia and dyskinesia. 

n = number of patients; % = percent of total. 


When the group was considered, heart rate increased 
significantly (p <0.01), but aortic, systolic, diastolic and 
mean pressures did not change significantly. 

After nitroglycerin therapy, heart rate (p <0.02), 
cardiac index (p <0.01) and stroke index (p <0.05) in- 
creased significantly and left ventricular end-diastolic 
pressure (p <0.05) and aortic systolic (p <0.005), dia- 
stolic (p <0.02) and mean (p <0.005) pressures de- 
creased significantly when these measurements were 
compared with those of the control period. 

Left ventricular volumes and ejection fraction 
(Table II): The left ventricular end-diastolic volume 
varied widely (range, 43 to 116 ml/m?) at rest. Left 
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REST - NO PAIN 
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ventricular end-diastolic volume significantly increased 
during spontaneous angina pectoris (p <0.01) when 
compared with the control data at rest. During nitro- 
glycerin therapy the left ventricular end-diastolic vol- 
ume significantly decreased from the volume during 
spontanegus angina pectoris (p <0.01). There was no 
significant difference between the values for left ven- 
tricular end-diastolic volume obtained during nitro- 
glycerin therapy and those obtained at rest during the 
control period. Similarly, left ventricular end-systolic 
volume increased during pain (p «0.001). Left ven- 
tricular end-systolic volume decreased significantly 
during nitroglycerin therapy as compared with values 
at rest during the control period (p <0.05) and those 
obtained during spontaneous angina pectoris (p <0.02). 
Ejection fraction significantly decreased during spon- 
taneous angina pectoris (p <0.001) and increased sig- 
nificantly during nitroglycerin therapy as compared 
with values at rest (p <0.02) as well as those during 
spontaneous angina pectoris (p <0.005). 

Regional wall motion abnormalities (Table ITI, 
Fig. 2): Ventriculograms at rest during the control pe- 
riod revealed wall motion abnormality in 7 patients; 
during spontaneous angina pectoris in all 14 patients 
either a new wall motion abnormality developed or a 
preexisting wall motion abnormality extended further; 
after nitroglycerin therapy, wall motion abnormality 
was present in only 4 patients. Semiquantitative as- 
sessment of wall motion indicated that 46 percent of all 
segments measured in the 14 patients showed wall 
motion abnormality at rest during the control period. 
During spontaneous angina pectoris 71 percent of all left 
ventricular segments measured showed wall motion 
abnormality; after nitroglycerin, wall motion abnor- 
mality was present in only 30 percent of all segments 
measured. Figure 2 depicts representative data re- 
garding wall motion abnormality at rest during the 
control period, during spontaneous angina pectoris and 
after nitroglycerin therapy. 

Left ventricular pressure-volume relation (Fig. 
3): Left ventricular end-diastolic volume for all patients 
was plotted against left ventricular end-diastolic pres- 
sure. Left ventricular end-diastolic volume increased 
with a concomitant rise in left ventricular end-diastolic 


REST-NTG 


FIGURE 2. Case 14. Diagrammatic representation of left 
ventricular end-systolic and end-diastolic frames. Note 
that during spontaneous angina pectoris, when S-T de- 
pression of 0.45 mV develops, there is an increase in 
end-diastolic volume (EDV) with a decrease in ejection 
fraction (EF); abnormality of regional wall motion also 
develops. These values revert to normal after nitroglyc- 
erin (NTG) therapy. 


pressure in 10 patients; in 4 patients there was either no 
change or a small decrease in left ventricular end-dia- 
stolic volume. These data indicate that a majority of 
patients with spontaneous angina pectoris have left 
ventricular dilatation associated with a rise in left 
ventricular end-diastolic pressure. 

Correlations among S-T depression, left ventri- 
cualr end-diastolic pressure and end-diastolic 
volume (Fig. 4): There was a statistically significant 
correlation between the magnitude of change in S-T 
depression and changes in left ventricular end-diastolic 
pressure (r = 0.87; p <0.001) and left ventricular end- 
diastolic volume (r = 0.78; p <0.001). There was an ex- 
cellent correlation between S-T depression and left 
ventricular end-diastolic pressure in six individual pa- 
tients during spontaneous angina pectoris (r = 0.88 to 
0.96) and after nitroglycerin therapy (r = 0.76 to 0.84). 
Thus, these data indicate that in these patients elec- 
trocardiographic evidence of ischemia correlated well 
with the hemodynamic variables that alter during 
myocardial ischemia in patients with coronary artery 
disease. 

Left ventricular function curves (Fig. 5): Left 
ventricular global function was assessed by plotting 
stroke index and ejection fraction against left ventric- 
ular end-diastolic pressure and left ventricular end- 
diastolic volume. These left ventricular function curves 
indicate that severe left ventricular dysfunction occurs 
during spontaneous angina pectoris and that function 
is restored to normal by nitroglycerin therapy. Systolic 
dysfunction is indicated by the decreases in stroke index 
and ejection fraction, and diastolic dysfunction by the 
increases in left ventricular end-diastolic volume and 
left ventricular end-diastolic pressure. 


35 Pt WK Pt MN 
From Rest to Angina (9) From Rest to Angina (@/ 
r=0.95 r:0.96 
p<1075 <1074 
30r y: aape nt y=9.26 «10.5I(x) 
* 
6 


ED 


20 


LEFT VENTRICULAR 
END DIASTOLIC PRESSURE (mmHg) 


Following NTG (2) 
r=0.93 
p«10? 
y:4 6410.22 (X) 


O IO 20 O IO 20 30 


ST DEPRESSION (mV) 

FIGURE 4. The correlation between S-T depression in lead Vs and left 
ventricular end-diastolic pressure from control rest to spontaneous 
angina pectoris (solid circle) and after nitroglycerin (NTG) (open circle) 
in two patients. Note that there is good correlation between S-T de- 
pression and left ventricular end-diastolic pressure in individual patients. 
The arrow indicates continuous simultaneous recording of S-T de- 
pression and left ventricular end-diastolic pressure. These two patients 
(WK and MN) are not included in Table | because left ventricular end- 
diastolic pressure and simultaneous recording of S-T depression were 
the only data obtained. 


15 Following NTG (9) 
r:094 


p«lo ^ 
y=15.27+5.39 (x) 
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LV END DIASTOLIC PRESSURE 
(mm Hg) 
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ao: - 5 AB lOO 125 150 
LV END DIASTOLIC VOLUME 
(mi/me) 


FIGURE 3. Left ventricular (LV) end-diastolic pressures plotted against 
end-diastolic volume at rest and during spontaneous angina pectoris. 
In 10 patients the left ventricular end-diastolic volume increased with 
a concomitant rise in left ventricular end-diastolic pressure; in 4 patients 
either there was no change or a minimal decrease in left ventricular 
end-diastolic volume. 


Discussion 


In this study, we were able to obtain information re- 
garding global and regional left ventricular function 
during spontaneous angina pectoris. Our findings in- 
dicate that during spontaneous angina pectoris there 
is severe left ventricular dysfunction, characterized by 
decreases in stroke index and ejection fraction and in- 
creases in left ventricular end-systolic and end-diastolic 
volumes and left ventricular filling pressure. The 
pathophysiologic mechanism responsible for the high 
left ventricular end-diastolic pressure during angina 
remains controversial. !0-14.15,20-23 Impaired myocardial 
performance during ischemia has been demonstrated 
in isolated papillary muscle and intact experimental 


(ml/beat/mê2) 


EJECTION FRACTION STROKE INDEX 
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LV END DIASTOLIC LV END DIASTOLIC 
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FIGURE 5. Average mean values for left ventricular (LV) end-diastolic 
volume and pressure plotted against stroke index and ejection fraction 
in patients with spontaneous angina pectoris. These curves indicate 
that systolic and diastolic function of the left ventricle is severely im- 
paired during spontaneous angina pectoris. Nitroglycerin therapy re- 
stores the left ventricular function towards a normal state. 
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heart preparations?+2’ and in human beings. !%13-15,28,29 
Our study clearly demonstrates that during spontane- 
ous angina pectoris, in the presence of electrocardio- 
graphic evidence of myocardial ischemia, there are areas 
of abnormal wall motion, indicating localized areas of 
reversible myocardial ischemia. These regional abnor- 
malities are similar to those that occur during angina 
induced by atrial pacing!’ or exercise,!? or both.!6 

Hemodynamic features of spontaneous angina 
pectoris: An increase in left ventricular end-diastolic 
volume with a concomitant rise in left ventricular end- 
diastolic pressure during spontaneous angina pectoris 
is a significant finding of this study. Similar findings 
have also been reported in patients with angina induced 
by atrial pacing?? and by exercise.!? Thus, an increase 
in left ventricular end-diastolic and end-systolic vol- 
umes with a concomitant rise in left ventricular filling 
pressure seems to be an important hemodynamic fea- 
ture of angina pectoris. Our study shows that for a given 
diastolic volume, left ventricular end-diastolic pressure 
was higher during spontaneous angina pectoris than 
during the control period, thus indirectly indicating a 
change in left ventricular diastolic properties in addition 
to systolic dysfunction of the left ventricle. Serial 
pressure-volume studies of the left ventricle would be 
necessary to settle this issue. 

An assessment of left ventricular diastolic pressure 
and volume is of direct clinical significance in patients 
with heart disease because pressure and volume increase 
together as the left ventricle fills. The relation between 
these two variables has received considerable attention 
in recent years.?!-?? Diastolic left ventricular pressure 
is a primary determinant of left atrial, pulmonary ve- 
nous and pulmonary capillary pressures; when these 
pressures are elevated, symptoms of pulmonary con- 
gestion occur. One sequence leading to increased left 
ventricular diastolic pressure begins with impaired 
systolic emptying followed by a compensatory over- 
filling that in turn results in a larger diastolic volume. 
Thus, in this situation a high left ventricular end-dia- 
stolic pressure is associated with an elevated end-dia- 
stoltc volume. In other situations, the left ventricle may 
be less or more difficult to fill. As a consequence, ele- 
vated diastolic pressure can occur because the left 
ventricular chamber has reduced distensibility or is 
operating at a high volume, or both. Indeed, it is possible 
to have signs of congestive failure related primarily to 
decreased distensibility?^9? and it is now well estab- 
lished that high left ventricular diastolic pressures can 
be associated with normal volumes. 


Effect of nitroglycerin: Other investigators?6:?7 
have found that in patients with coronary artery disease 
administration of nitroglycerin can improve regional left 
ventricular function and ejection fraction while the 
patient is at rest. Nitroglycerin has also been shown to 
prevent angina pectoris when administered before 
exertion by lessening exercise-induced abnormalities 
in ejection fraction and regional left ventricular wall 
motion.?5 The effect of nitroglycerin on regional and 
global left ventricular function during spontaneous 
angina pectoris has not previously been studied. Our 
study has shown that administration of sublingual ni- 
troglycerin not only alleviates the left ventricular dys- 
function that occurs during spontaneous angina, but 
also in many patients normalizes regional and global left 
ventricular dysfunction. The mechanisms responsible 
for the beneficial effect of nitroglycerin cannot be 
evaluated by our findings. However, it is of interest that 
nitroglycerin improved systolic and diastolic function 
of the left ventricle at the same time that it lessened 
ischemia. 

We found a good correlation between S- T depression 
and left ventricular end-diastolic pressure as well as 
volume during spontaneous angina pectoris and after 
nitroglycerin therapy. Thus, it is tempting to suggest 
that an electrocardiogram contains more information 
regarding instantaneous left ventricular function than 
is generally recognized and may prove useful as a simple, 
readily available and noninvasive guide in the assess- 
ment of left ventricular function in patients with coro- 
nary artery disease. 

Implications: Spontaneous angina pectoris has been 
found to be associated with marked systolic and dia- 
stolic dysfunction of the left ventricle. There is a rea- 
sonable correlation between hemodynamic and elec- 
trocardiographic evidence of myocardial ischemia. 
During spontaneous angina, left ventricular end-dia- 
stolic pressure increases disproportionately with a 
concomitant increase in left ventricular end-diastolic 
volume, indicating altered diastolic properties of the left 
ventricle during ischemia; however, further studies 
evaluating left ventricular distensibility during spon- 
taneous angina pectoris are required in this respect. 
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The extent of cardiac muscle cell disorganization in excised septectomy 
specimens in 18 patients was compared morphometrically with that ob- 
served at necropsy when these patients died after operation. Disorgani- 
zation was present in all 18 patients at necropsy and was extensive (5 
percent or greater) in 16 of the 18. In contrast, there was no disorgani- 
zation in the operative specimens of three patients and only a trivial 
amount (less than 1 percent) in five others. Disorganization extensive 
enough (5 percent or greater) to suggest hypertrophic cardiomyopathy 
was present in the operative specimens of only 6 of the 18 patients. The 
mean (+ standard error of the mean) area of disorganization at necropsy 
was 20 + 3 percent compared with 7 + 2 percent in the operative spec- 
imens (p <0.001). Thus, histologic examination of operatively excised 
septectomy specimens is of limited value in confirming the diagnosis of 
hypertrophic cardiomyopathy. 


Widespread cardiac muscle cell disorganization in the ventricular septum 
has been demonstrated on quantitative necropsy examination to be a 
sensitive and specific histologic marker of hypertrophic cardiomyopa- 
thy.!? In patients with typical features of hypertrophic cardiomyopa- 
thy?-? undergoing partial septotomy or septectomy, the absence of car- 
diac muscle cell disorganization in the excised myocardium has been 
interpreted as evidence that the patient may not, in fact, have had hy- 
pertrophic cardiomyopathy. 'This study of 18 patients who died after 
partial septotomy-septectomy sought to establish whether such an in- 
terpretation is valid. 


Methods 


Study patients: From 1960 until April 1978 at the National Heart, Lung, and 
Blood Institute, partial septotomy-septectomy was performed in 210 patients 
with hypertrophic cardiomyopathy. Of these, 41 (20 percent) died irtra- or 
postoperatively (17, early of consequences of the operation; 24, late from con- 
sequences of hypertrophic cardiomyopathy (13) or from noncardiac causes (11). 
This study concerns 18 of these 41 patients—all of those in whom both opera- 
tively obtained and necropsy-obtained septectomy specimens were available 
for both gross and histologic examination. 

Pertinent clinical and necropsy findings in the 18 patients are summarized 
in Table I. Each patient was severely symptomatic at the time of cardiac oper- 
ation. Each had both clinical and necropsy evidence of hypertrophic cardio- 
myopathy.?^6 In 11 patients, asymmetric septal hypertrophy (ventricular septal 
to left ventricular free wall thickness ratio 1.3 or greater) was present at necropsy; 
of the other 7 patients, 4 (22 percent) had echocardiographic evidence of 
asymmetric septal hypertrophy during life. Eleven patients died within 1 month 
of septotomy-septectomy and seven at later periods, up to 156 months (average 
46) postoperatively. 
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Pathologic examination: At necropsy, in each patient, 
tissue blocks were taken from the full thickness of the ven- 
tricular septum, at the point of maximal thickness, usually at 
a site one third to one half the distance from the base to apex, 
in a plane perpendicular to the long axis of the left ventricle. 
Operatively obtained septectomy specimens from each patient 
were fixed in either 10 percent buffered formalin or 3 percent 
buffered glutaraldehyde solution after removal at operation. 
Tissue blocks were taken from each septectomy specimen 
either perpendicular to its cephalad-caudad orientation or 
parallel to this orientation. Each tissue block was embedded 
in paraffin, sectioned at 6 u and stained with hematoxylin- 
eosin. 

Four types of myocardial cell disorganization were ob- 
served in the necropsy and septectomy specimens and were 
classified according to criteria outlined previously! (Fig. 1). 
Abnormally arranged cardiac muscle cells were not considered 
to represent true disorganization if they were present in the 
following areas where cells normally converge at acute angles: 


(1) at or near the junction of ventricular septum with left and 
right ventricular free walls; (2) in trabeculae; (3) in or at the 
edge of areas of scars; (4) at points of convergence of major 
muscle bundles; or (5) adjacent to interstitial spaces con- 
taining blood vessels. The extent of myocardial cell disorga- 
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nization in both operatively obtained and necropsy-obtained 
specimens of ventricular septum was quantified using a 
method described elsewhere.! Briefly, hematoxylin-eosin- 
stained tissue sections were photographed and the images 
enlarged to occupy positive prints measuring 30 by 40 inches 
(76 by 102 cm). This enlargement resulted in an average 
magnification of about 1,200 times the original tissue section. 
A transparent cellulose overlay was then placed over the print. 
With use of a marking pen, areas of myocardium occupied by 
disorganized cardiac muscle cells were outlined on the 
transparent overlay (Fig. 2). A light microscope was used to 
localize the disorganized area. Those areas in which cardiac 
muscle cells were oriented longitudinally and those areas in 
which these cells were oriented in cross section also were de- 
marcated. The transparent overlay was then removed from 
the print, photographed, and the image reproduced as a 5 by 
7 inch (13 by 18 cm) positive print. Each area into which the 
tissue section had been divided was outlined separately with 
a fine-point marking pen on ordinary tablet paper. The area 
of each outlined silhouette was then quantified using a video 
planimetry system.78 

The percent area of myocardium occupied by disorganized 
muscle cells was calculated in the following manner: Because 
type IA and IB disorganization can only be recognized among 
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FIGURE 1. Classification of four major types of cardiac muscle cell disorganization present in ventricular septal myocardium. Types 1-A and 1-B 
exclusively involve cardiac muscle cells cut longitudinally. Types II-A and II-B involve cardiac muscle cells cut either longitudinally or transversely. 
Magnifications: I-A, X 130; I-B and II-A, X40; II-B, X80, all reduced by 23 percent. These and all tissue sections shown subsequently were stained 
with hematoxylin-eosin. 
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CASE 5 


CASE 16 





Operative Specimen 
Operative Specimen 





Necropsy Specimen 


Necropsy Specimen 


FIGURE 2. Examples of maps of disorganized muscle cells from op- 
erative and necropsy specimens of Patients 5 and 16 (Table |). The 
black area represents that portion of the histologic section in which 
the myocardial cells are oriented longitudinally. The stippled areas 
within the black areas indicate foci of disorganized cardiac muscle cells. 
In Case 5 the operative specimen contained no foci of disorganization, 
despite extensive disorganization in the necropsy specimen. In Case 
16, two small foci of disorganized cells are present in the operative 
specimen, multiple larger foci in the necropsy specimen. (Although the 
histologic sections of the operative specimen are smaller than the 
histologic sections of the necropsy specimens, the positive prints from 
which the maps are made are in each case 30 by 40 inch [76 by 102 
cm] enlargements). 
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FIGURE 3. Comparison of the extent of cardiac muscle cell disorga- 
nization in histologic sections from the necropsy and operative sept- 
ectomy specimens in each of the 18 patients with hypertrophic car- 
diomyopathy. The horizontal line at 5 percent indicates the minimal 
extent of disorganized cardiac muscle cells generally present at ne- 
cropsy in patients with hypertrophic cardiomyopathy. Patients 13 
through 18 died late postoperatively; the numbers in parentheses in- 
dicate the survival time (in months) after operation. 
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longitudinally oriented cells, type I disorganization was cal- 
culated as a percent of the total area of longitudinally oriented 
cells: 


D, 
4 Di 


where D, = area occupied by type I disorganized cells, and L 
— area occupied by longitudinally cut but normally arranged 
cells. Identification of tvpes IIA and IIB disorganization in- 
volves examination of muscle fibers oriented in cross section 
as well. Therefore, type II disorganization is calculated as a 
percent of cells oriented both longitudinally and in cross- 
section: 





% area of type I (A + B) disorganization = X 100, 


Di 

PrE a PS 
where Dy = area occupied by type II disorganization and T 
— area occupied by transversely (cross section) oriented but 
normally arranged cells. The percent septal disorganization 
listed in Table I for each patient was the value for type I or 
type II disorganization, whichever figure was greater. In ad- 
dition, each operatively obtained and necropsy-obtained 
specimen was examined qualitatively for the presence of foci 
of fibrosis, cell hypertrophy, thickened intramural coronary 
arteries and adipose tissue cells. 


% area of type II (A + B) = 


Results 


Quantitative Assessment of Myocardial 
Cel! Disorganization 


Necropsy specimens: Muscle cell disorganization 
in the ventricular septum was present at necropsy in all 
18 patients (Table I): In 18 patients the pattern of dis- 
organization was type I (IA in 13, IA + IB in 5) and in 
5 patients type II disorganization also was present (IIA 
in 3, IIB in 2). The area of muscle cell disorganization 
at necropsy ranged from 1 to 59 percent (mean + stan- 
dard error of the mean = 20 + 3 percent) of the relevant 
area of tissue section examined. In 16 patients (89 per- 
cent) the area of disorganization was equal to or in ex- 
cess of 5 percent. 

Operative specimens: Examination of the opera- 
tively obtained septectomy specimens disclosed foci of 
muscle cell disorganization in 15 of the 18 patients 
('Table I). The area of disorganization in the operative 
specimens ranged from 0 to 36 percent (mean 7 + 2 
percent); this value was significantly less than the extent 
of disorganization observed in the ventricular septum 
of these patients at necropsy (p <0.001). In addition to 
the three patients whose operative septectomy specimen 
manifested no foci of cardiac muscle disorganization, 
there were five other patients whose operative speci- 
mens manifested only a trivial (1 percent or less) 
amount of disorganization. In only six patients was the 
extent of disorganization present in the operative 
specimens 5 percent or greater. Comparisons of the 
extent of disorganization in the necropsy specimen 
versus that in the operative specimen in the 18 patients 
(Fig. 3) showed that in 15 (83 percent) the extent of 
disorganization in the necropsy specimens exceeded 
that observed in the operative specimens. The type I 
pattern of disorganization was observed in all 15 oper- 
ative specimens with disorganization (type IA in 11, 


MYOCARDIAL CELL DISORGANIZATION IN HYPERTROPHIC CARDIOMYOPATHY—ISNER ET AL. 


TABLE | 


Clinical and Morphologic Features in the 18 Patients Who Died After Septotomy-Septectomy for 


Hypertrophic Cardiomyopathy 


Heart Ventricular Wall Thickness 
Weight 96 D 
(g) VS (mm) FW (mm) VS/FW (S) (N) 
730 28 25 1.1 3 5 
660 32 15 2.1 3 17 
840 39 20 1.9 36 59 
400 25 15 1.7 8 19 
950 34 27 1.21 0 25 
580 28 17 1.6 1 11 
700 27 17 1.6 4 2 
580 20 15 1.3 0 10 
650 30 15 2.0 1 27 
475 19 19 1.07 5 32 
545 25 12 2.1 10 31 
450 20 19 1.1 0.5 31 
470 25 21 1.21 13 9 
310 15 15 1.0 33 27 
490 30 22 1.4 2 4 
500 20 15 1.3 1 12 
500 22 14 1.6 0 26 
410 27 25 1.11 0.1 5 
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Speci- 
LV-SA men 
Age (yr) psg Survival Wt 
Case & Sex SH (mm Hg)  Postop (g) 
1 19F 0 160 9 days 5.0 
2 19M 0 118* 72 mo 5.0 
3 23M 0 175 156 mo ae 
4 25F 0 0 0 — 
5 27M 0 70 3 days —- 
6 28F 0 82 21 days 2.0 
7 41M 0 1007 0 Ls 
8 42M T 1207 38 mo — 
9 42M 0 55 0 8.5 
10 46F 0 70 12 mo — 
11 49F 0 80 50 days 0.5 
12 50F 0 128 31 mo — 
13 52F 0 got 3 days 1.4 
14 56F + 40 1 days ^l 
15 58F T 100 7 days 1.0 
16 61F 0 70 0 1.4 
17 61F 0 100! 8 mo 1.3 
18 65F 0 100 2 days 1.0 
* RVOT peak systolic gradient — 118 mm Hg at rest; no LV-SA 


t Provokable (no resting gradient). 
t VS/FW 1.3 or greater on echocardiography. 


peak systolic gradient. 


d — days; D — cardiac muscle cell disorganization; FW = left ventricular free wall; LV = left ventricle; mo = months; N = necropsy; psg = peak 
systolic gradient; RVOT = right ventricular outflow tract; S = septectomy specimen; SA = systemic artery; SH = systemic hypertension; VS = 


ventricular septum. 0 = absent; + = present. 


type IA + IB in 4); type II disorganization also was 
present in the operative specimens of 2 patients (type 
IIA in 1, type IIB in the other). The type of disorgani- 
zation observed in the operative specimen was always 
present in the necropsy specimen as well; however, in 
three of the five patients with type II disorganization 
in the necropsy specimen, this type was not observed in 
the respective operative specimen. 


Qualitative Assessment of Necropsy and 
Operative Specimens 


The operative and necropsy specimens also were 
evaluated qualitatively for histologic features other than 
cardiac muscle cell disorganization (Table II). Marked 
endocardial fibrosis (involving the septum in the left 
ventricular outflow tract in apposition to the anterior 
mitral leaflet) and myocardial cell hypertrophy were 
observed in both the operative and necropsy specimens 
of all 18 patients. Foci of interstitial fibrosis occurred 
in 14 operative (78 percent) and in all 18 necropsy 
specimens. Adipose tissue cells, located immediately 
below the site of endocardial thickening, were present 
in 10 operative (55 percent) and in 13 necropsy (72 
percent) specimens. Thickened intramural coronary 
arteries were found in 12 necropsy specimens (67 per- 
cent) (p <0.007) and in three operative specimens (17 
percent). 


Discussion 


Diagnostic sensitivity of operative septectomy 
specimen examination: Previous studies have dem- 
onstrated that the finding of extensive muscle cell dis- 


organization in the ventricular septum at necropsy is a 
highly sensitive marker for hypertrophic cardiomyop- 
athy.-? In nearly 90 percent of patients with hypertro- 
phic cardiomyopathy there was disorganization of 5 
percent or greater (mean 33 + 3 percent) of the relevant 
areas of muscle cells in the ventricular septum. Indeed, 
among our 18 patients, disorganization was present in 
the ventricular septum at necropsy of all 18, and in 16 
(89 percent) it was 5 percent or greater (mean 20 per- 
cent). In contrast, disorganization involving 5 percent 
or more of the relevant areas of cardiac muscle cells was 
present in the operative septectomy specimen of only 
6 of the 18 patients; in the remaining 12, disorganization 
was either absent or insufficient to suggest hypertrophic 
cardiomyopathy. Therefore, examination of septectomy 


TABLE Il 


Comparison of Certain Morphologic Features of Operative 
and Necropsy Septectomy Specimens in 18 Patients 


Operative Necropsy 
Specimens Specimens 


(n) (n) 





Muscle cell disorganization 


Present 15 18 

25% 3 16 
Hypertrophied cells 18 18 
Thickened intramural coronary arteries 3 12 
Interstitial fibrosis 14 18 
Discrete endocardial fibrosis 18 18 
Adipose cells 10 13 


July 1980 The American Journal of CARDIOLOGY Volume 46 - 45 


MYOCARDIAL CELL DISORGANIZATION IN HYPERTROPHIC CARDIOMYOPATHY—ISNER ET AL. 


specimens from patients undergoing septotomy-sep- 
tectomy is not a sensitive means of confirming the di- 
agnosis of hypertrophic cardiomyopathy. 

Causes of discrepancy in operative versus au- 
topsy septal specimens: There are several possible 
explanations for the discrepancy between the generally 
widespread disorganization observed in the septum at 
necropsy and the trivial amount observed in portions 
of the same septum excised at operation. First, one 
might expect that those patients with the most wide- 
spread disorganization at necropsy would be more likely 
to have disorganization present in that portion of the 
septum from which the septectomy specimen was ex- 
cised and, conversely, that patients with less extensive 
disorganization at necropsy might be less likely to have 
disorganization present at the septectomy site, purely 
on the basis of statistical sampling. The five patients 
whose operative specimens had the most extensive 





SUPERIOR-INFERIOR 
CUT 
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disorganization also had extensive disorganization at 
necropsy (greater than 15 percent in four of the five). 
There were four patients in whom no or trivial disor- 
ganization was present in the septectomy specimens, 
although at necropsy the extent of disorganization 
ranged from 25 to 35 percent. Extensive disorganization 
in the septum at necropsy, then, appeared to improve, 
though not guarantee, the finding of disorganization in 
the operative specimen. 

An alternative explanation is that the amount of 
disorganization observed at necropsy was simply a 
function of the amount of operatively excised tissue 
available for examination. Two indexes used to assess 
the amount of tissue available for examination were the 
weight of the septectomy specimen and the absolute 
area of the histologic section taken from the operative 
specimen. The weight of the specimen is an index of the 
total amount of operatively excised tissue available for 


FIGURE 4. Schematic drawings and photo- 
micrographs showing that the orientation of 
cells in histologic sections of myocardium is 
a function of the manner in which the section 
is cut. An anterior-posterior (cephalad-caudad) 
cut yields longitudinally oriented cells; type | 
disorganization (lower right) can only be rec- 
ognized when the cells are oriented in this way. 
The result of a superior-inferior (cephalad- 
caudad) cut is that the cells are seen in cross 
section (top right). (Hematoxylin-eosin X 130, 
reduced by 23 percent.) 
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examination, regardless of how the histologic section 
was cut from the operative specimen; the absolute area 
of the histologic section could (and did) vary, depending 
on how the histologic section was cut (parallel, per- 
pendicular or oblique to the long axis of the operative 
specimen). Neither the weight of the operative specimen 
nor the absolute area of the histologic section correlated 
with the extent of disorganization observed in the op- 
eratively excised septectomy specimens. Finally, be- 
cause the most common type of disorganization (type 
I) can be identified only by inspection of areas of long- 
itudinally oriented cells, the histologic section taken 
from each septectomy specimen was evaluated to de- 
termine if those sections with the most extensive dis- 
organization had the largest areas of longitudinally 
oriented cells. Such was not the case. 

Although none of these three variables—the weight 
of the operative specimen, the area of the histologic 
section taken from the operative specimen or the area 
of longitudinally oriented cells in the operative speci- 
men—distinguished the 5 operative specimens with 
extensive disorganization from the group of 18 as a 
whole, the magnitude of each variable was significantly 
less for each of the operative specimens than for the 
respective necropsy specimens. This finding is not 
unexpected in view of the consistent discrepancy in 
absolute size between the operative specimen and the 
respective portion of septum excised at necropsy. The 
operative specimen constitutes what is, in effect, a rel- 
atively large myocardial biopsy sample. Although it 
provides more tissue than is obtained by closed chest 
biopsy, the limitations inherent in the morphometric 
analysis of closed chest biopsy specimens also apply to 
the evaluation of septectomy specimens.? The sampling 
problem is further complicated by the fact that the most 
common type of disorganization (type I) can be identi- 
fied only in those sections of tissue in which cardiac 
muscle cells are oriented in a longitudinal fashion. The 
fiber orientation of the ventricular myocardium is such 
that a greater proportion of longitudinally oriented fi- 
bers is obtained on tissue sections taken perpendicular 


to the long axis of the heart (Fig. 4). The operatively 
excised specimen unfortunately represents the result 
of a cephalad-caudad cut; that is, the septectomy 
specimen is removed by incisions made in the ventric- 
ular septum parallel to the long axis of the heart.!9 A 
histologic section of the septectomy specimen taken 
parallel to its long axis thus results in relatively few 
longitudinally oriented cells. Although the yield of 
longitudinally oriented cells theoretically may be in- 
creased by sectioning the operative specimen perpen- 
dicular to its own long axis, this potential gain is offset 
by the considerable reduction in the resultant tissue 
area available for morphometric examination. 

Associated pathologic findings: The operative 
specimens from the 18 patients also were evaluated 
qualitatively for other morphologic features that might 
be helpful in establishing the diagnosis of hypertrophic 
cardiomyopathy. All 18 specimens contained a white 
plaque of fibrous tissue on their endocardial surfaces. 
'This endocardial plaque, also present in the septum of 
all 18 patients at necropsy, was in direct apposition to 
a thickened anterior mitral leaflet. This plaque repre- 
sents the site of contact of the anterior mitral leaflet and 
the ventricular septum.® The endocardial plaque is a 
sensitive marker for hypertrophic cardiomyopathy. 
Thickened intramural coronary arteries located in the 
ventricular septum are characteristic, when present, of 
hypertrophic cardiomyopathy.!! However, this finding 
was observed in only 3 (17 percent) of the 18 operative 
specimens (and in 12 of the necropsy specimens). In the 
operative specimens of 10 patients there was a shallow 
layer, usually 2 to 3 cell layers thick, of subendocardial 
adipose cells. This finding also was present in a similar 
number (13) of necropsy specimens. The significance 
and etiology of these subendocardial adipose cells is 
unclear. Although all 18 operative specimens contained 
hypertrophied cardiac muscle cells and 14 of 18 con- 
tained foci of interstitial fibrosis, the nonspecificity of 
these two histologic findings limits their utility in con- 
firming the diagnosis of hypertrophic cardiomyop- 
athy. 
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The frequency spectrum of the aortic component of the second sound (A;) 
was measured noninvasively in 77 patients. Fourteen had a normal aortic 
valve, 14 had calcific aortic stenosis and 49 had an aortic porcine xeno- 
graft. Phonocardiograms were recorded on magnetic tape on line with 
a Spectral Dynamics signal processor with which the frequency spectrum 
and dominant frequency of A; were determined. In 14 patients with a 
normal aortic valve, the dominant frequency of A; was 53 + 3 hertz (mean 
+ standard error of the mean); in 14 patients with aortic stenosis A» fre- 
quency was higher, 87 + 5 hertz (p <0.001). In 15 patients with a porcine 
aortic valve heterograft implanted for 18 months or less, Az frequency 
was 48 + 5 hertz, which did not differ significantly from that of patients 
with a normal natural aortic valve. However, in 19 patients with an aortic 
porcine heterograft that was in place 5 to 7.5 years, the dominant fre- 
quency of A2 was higher, 81 + 4 hertz (p <0:001), and within the range 
of that observed in patients with aortic stenosis. Among these 19 patients, 
2 required replacement of the prosthetic aortic valve because of valve 
degeneration. The association of a higher than normal frequency of A; 
with a stiffened valve, such as occurs in aortic stenosis, is predictable 
on the basis of factors that affect the frequency of valve vibration and 
pressure fluctuations productive of sound. The data suggest that the fre- 
quency of A; may be of value in detecting degenerative changes of porcine 
aortic xenografts. 


The frequency of the second heart sound has been measured in normal 
subjects.!-* However, no attempt has been made to evaluate the potential 
diagnostic significance of the frequency content of the aortic component 
of the second sound (Ag) in aortic valve disease. Investigations in this 
laboratory? of the origin of the second heart sound indicated that the 
second sound results from diastolic vibration of the closed cusps. 
Mathematical modeling of factors that affect diastolic valve vibration 
identified the hemodynamic and anatomic factors that modify the am- 
plitude of the second heart sound,? and these factors were confirmed in 
a variety of pathophysiologic circumstances.?-!! The same equations 
identify the factors that affect the frequency of the second sound® and 
predict that the frequency of A? would increase with increased stiffness 
of the aortic valve. 

In this investigation we (1) examined the frequency spectrum of A» 
in patients with a normal aortic valve and patients with calcific aortic 
stenosis to determine if obvious abnormalities of the aortic valve affect 
the frequency of A»; and (2) examined the frequency spectrum of Ag in 
patients with an aortic porcine xenograft to determine if the frequency 
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of Ag changes with the duration of the prosthetic valve 
implantation. It is hoped that information contained 
in the frequency spectrum of Ag may be of use in de- 
tecting degenerative changes of porcine xenografts. 


Methods 


Study group: Phonocardiograms were recorded in 77 pa- 
tients (57 men and 20 women), aged 19 to 78 years. Among 
these patients, 14 had a normal aortic valve, 14 had calcific 
aortic stenosis and 49 had a porcine aortic xenograft (Hancock 
Laboratories, Inc., Anaheim, California). The tissue anulus 
diameter of the porcine xenografts ranged from 21 to 31 mm. 
The 14 control subjects were patients hospitalized because of 
a noncardiac illness. None had cardiac murmurs or any other 
physical abnormalities on cardiac examination, and none had 
a history of heart disease. Each of the 14 patients with aortic 
stenosis underwent diagnostic cardiac catheterization. The 
peak systolic pressure gradient across their aortic valve was 
64 + 12 mm Hg (range 28 to 134). All of these patients had 
mild to heavy deposits of calcium visualized during image 
intensification fluoroscopy in the region of the aortic valve. 
Eleven had associated aortic insufficiency of various levels of 
severity. 

The duration of valve implantation in the 49 patients with 
an aortic porcine xenograft prosthetic valve ranged from a 
few days to 7.5 years. Two patients had porcine valve degen- 

eration and underwent replacement of the prosthetic valve 

shortly after the studies of sounds were obtained. These valves 
had been implanted 5 and 7 years, respectively. Both had se- 
vere prosthetic valve regurgitation and one had associated 
stenosis of the prosthetic valve. The resected valve of one 
patient showed nodular fibrous thickening at the margins of 
the leaflets. The other showed fibrous thickening and focal 
calcification on the anulus; the leaflets themselves had jagged 
edges at the free margins. Scanning electron microscopy of 
that valve revealed focal deposits of platelets, platelet aggre- 
gates and leukocytes. 

Phonocardiography and sound frequency analysis: 
Heart sounds were recorded during quiet respiration with the 
patient supine using an Irex Medical Systems model 120-131 
heart sound microphone. The microphone was placed at the 
second left intercostal space and was held in this position by 
a suction cup. This permitted a uniform and consistent 
technique for the application of the microphone. The same 
microphone was used for all patients. 

In each patient the phonocardiogram, carotid pulse tracing, 
lead II of the electrocardiogram and respiration were recorded 
on an Electronics for Medicine VR-6 photographic recorder. 
The phases of respiration were measured with a nostril 
thermistor. These signals were also recorded simultaneously 
on an eight-track magnetic tape recorder (Hewlett-Packard 
model 8868A). The sound signal was filtered below 50 hertz 
and above 500 hertz. The frequency response of the sound 
amplifier and microphone combination was flat (within 1 db) 
between 80 and 300 hertz. In the lower frequency range, at 40 
hertz there was a 6 db attenuation and at 20 hertz there was 
a 14 db attenuation. In the higher frequency range, at 600 
hertz there was a 6 db attenuation and at 1,200 hertz a 20 db 
attenuation. 

The tape recorder was operated at a speed of 3.75 inches (9.5 
cm)/s and had a passband frequency of 0 to 1,250 hertz. The 
frequency response over the passband was +1.0 db referenced 
to 10 percent of the upper band edge frequency. The signal 
to noise ratio, measured with carrier deviation of +40 percent 
at 10 percent of the upper passband and without flutter 
compensation, was 46 db. The level of flutter at a speed of 3.75 
inches/s and a passband of 0.2 to 626 hertz was 0.40 percent 
peak to peak. 
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FIGURE 1. Dominant frequency-of the aortic component of the second 
heart sound (Az) in patients with no heart disease (NORMAL) and patients 
with calcific aortic stenosis. P — probability. 


The aortic component of the second heart sound was 
identified as the first major component of the second sound 
and was observed at the dicrotic notch of the carotid pulse 
tracing. Analysis was performed only in patients who mani- 
fested a distinct splitting of the second sound during inspi- 
ration. 

The frequency of A» was analyzed with a digital signal 
processor (Spectral Dynamics SD360, San Diego, California) 
from the data recorded on the magnetic tape recorder. After 
a transient capture of the portion of the cardiac cycle that 
contained the second sound, all but the aortic component of 
this sound was deleted. A fast Fourier transform was per- 
formed on the sound signal and displayed on linear coordi- 
nates over a frequency of 0 to 500 hertz. The dominant fre- 
quency of Ag was defined as the frequency with the highest 
magnitude shown in the frequency spectrum. Plots of the 
entire frequency spectrum of A» were recorded. In each patient 
two cycles were analyzed at random. The average difference 
between both analyses in terms of the dominant frequency was 
less than 10 percent. 


Results 


Normal aortic valve versus aortic stenosis: The 
dominant frequency of A» in patients with a normal 
aortic valve, 53 + 3 hertz (mean + standard error of the 
mean), was significantly lower than in patients with 
calcific aortic stenosis, 87 + 5 hertz (p <0.001) (unpaired 
Student's t test) (Fig. 1). The frequency spectra of pa- 
tients with calcific aortic stenosis showed that these 
patients had a greater proportion of sound energy 
present at frequencies above 100 hertz than did patients 
with a normal aortic valve (Fig. 2). 

Aortic porcine xenograft: [n patients with an aortic 
porcine xenograft implanted for 18 months or less, the 


dominant frequency of A» was 48 + 6 hertz. In patients 


whose valve prosthesis had been in place 5 to 7.5 years, 
the dominant frequency was higher, 81 + 4 hertz (p 
<0.001) (Fig. 3). The dominant frequency of A» in pa- 
tients whose valve had been implanted less than 1.5 
years corresponded to that observed in patients with a 
normal valve, whereas the frequency in patients whose 
valve had been in place 5 years or longer was within the 
range of frequencies observed in patients with calcific 
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FIGURE 2. Frequency spectrum of the aortic component of the second 
heart sound in a patient with a normal aortic valve (top) and a patient 
with calcific aortic stenosis (bottom). In both, the dominant frequency 
is shown with an arrow. 


aortic stenosis. In one patient with severe pulmonary 
emphysema and a grossly dilated ascending aorta the 
frequency was outside the normal range. 

In patients whose porcine valve had been implanted 
5 years or longer, the frequency spectrum of Ag generally 
showed a greater proportion of sound energy at 
frequencies above 100 hertz in comparison with patients 
whose prosthetic valve had been implanted 1-5 years 
or less (Fig. 4). 

The relation of the dominant frequency of A; to the 
duration of porcine valve implantation is shown in 
Figure 5. The dominant frequency increased with the 
duration of implantation (p «0.001). There was no 
relation of the dominant frequency of Ag to the size of 
the xenograft in these patients. 


Discussion 


Factors determining frequency of second heart 
sound: The increased frequency of Ag that occurred in 
patients with aortic stenosis was predicted by equations 
that modeled the aortic valve as a vibrating membrane.® 
An increased stiffness of the valve would result in an 
increased frequency of vibration in accordance with the 
following equation: . 


w = ./(K/m) (1 — D2/4Km) , 


where w = frequency of vibration, m = effective mass 
of the vibrating system (including the blood and valve 
leaflets), D = damping force coefficient, and K = stiff- 
ness factor. 

Although with aortic stenosis the mass of the valve 
increases, and this would tend to reduce the frequency 
as shown in the equation, the actual mass of the valve 
is only a small portion of the effective mass of the vi- 
brating system. The effective mass includes the blood 
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FIGURE 3. Dominant frequency cf the aortic component of the second 
heart sound (A5) in patients with an aortic porcine xenograft valve im- 
planted for 1.5 years or less compared with frequency in patients whose 
valve had been implanted for 5 to 7.5 years. The two patients who re- 
quired replacement of the prosthetic valve because of valve degen- 
eration are indicated by squares. 


in the vicinity of the valve. Because the mass of the 
blood is considerably greater than the mass of the valve, 
increments of valve mass would have only a small ef- 
fect. 

Because a clear relation between the second heart 
sound and valve vibration has been shown,!? the fre- 
quency of valve vibration would determine the fre- 
quency of the second heart sound. Stiffness of the valve 
also would cause an attenuation of sound amplitude as 
a result of impaired ability of the valve to vibrate.^!? 

Dominant frequency of second heart sound: The 
range of frequencies contained in the first^?:19-16 and 
second!-*!6 heart sounds have been reported by several 
investigators, including some who attempted to use such 
measurements to identify patients with myocardial 
infarction. Their studies were restricted to the fre- 
quency analysis of the first heart sound. 

The dominant frequency of the second heart sound 
ranged between 33 and 111 hertz in a study by Bower 
et al.,? but lower frequencies (30 to 43 hertz) were ob- 
served by others.* Sakai et al.? found that the largest 
sound vibrations of A» ranged from 20 to 40 hertz in 
normal subjects. Frequency spectra of the second sound 
(including both the aortic and pulmonary components), 
illustrated by others, showed a dominant frequency 
between 30 and 100 hertz in subjects without heart 
disease. However, some of these patients were febrile 
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FIGURE 4. Frequency spectrum of the aortic component of the second 
heart sound in a patient whose aortic porcine xenograft prosthetic valve 
had been implanted for 3 days (top) and another patient whose porcine 
xenograft valve had been implanted for 6 years (bottom). The dominant 
frequency in both is shown with an arrow. 


and anemic. We are not aware of studies in which the 
frequency content of A» was investigated in patients 
with aortic stenosis. However, McKusick! observed that 
in patients with valve fibrosis the second sound may 
have a wide (high) frequency range. 

Clinical usefulness of frequency analysis of A»: 
A frequency analysis of heart sounds obviously is su- 
perfluous in patients with clinically apparent aortic 
stenosis. However, the higher frequency of Ag in our 
patients with aortic stenosis suggests that analysis of 
the frequency of A» may be of potential use in identi- 
fying patients with a questionable abnormality of the 
valve. If patients with mild aortic stenosis could be 
identified and distinguished from patients with an in- 
nocent murmur, they could be appropriately treated 
with prophylactic antibiotic drugs without necessarily 
resorting to invasive investigative procedures. Perhaps 
in combination with other noninvasive studies such as 
echocardiography,!” frequency analysis of A» may also 
prove useful in permitting earlier identification of de- 
generation of porcine xenografts. In addition, such 
analysis, which appears to be sensitive to early changes 
might be helpful, when followed over time, in describing 
the natural history of aortic stenosis and porcine valve 
degeneration. 
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FIGURE 5. Relation of the dominant frequency of the aortic component 
of the second heart sound (A>) to the duration of implantation of the 
aortic xenograft valve. The correlation coefficient is 0.57. The proba- 
bility that the slope of the regression equation is 0, under the null hy- 
pothesis, was less than 0.001. The two patients with prosthetic valve 
degeneration are indicated by squares. 


In one patient whose valve had been implanted for 
only 3 months, a high (110 hertz) dominant frequency 
of A» was recorded. The significance of this finding is 
not clear. There was no apparent evidence of porcine 
valve dysfunction, although the patient did have chronic 
obstructive pulmonary disease, which would have made 
any prosthetic valve systolic or diastolic murmur less 
audible. Also, the patient had an unusually and severely 
dilated ascending aorta. Since patients with dilatation 
of the aorta due to syphilitic aortitis may have a ringing 
or tambour Ag!® it is conceivable that the high frequency 
A» in our patient represented a comparable occur- 
rence. 

Porcine xenografts have been shown to degenerate 
4 to 5 years after implantation.!7-1? The increased 
dominant frequency of A» in patients with a porcine 
aortic valve suggests the presence of increased stiffness 
of the leaflets as a result of degenerative changes. 
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The frontal plane QRS axis of electrocardiograms during “normal” con- 
duction and left bundle branch block were compared in 231 patients with 
intermittent left bundle branch block. The QRS axis during left bundle 
branch block ranged from +85° to —70° (mean + standard deviation 
—7 + 34°), 79 patients (34 percent) having left axis deviation (QRS axis 
—30° or less). The QRS axis during “normal” conduction ranged from 
+90° to —75° (19 + 34°), 26 patients (11 percent) having left axis de- 
viation. Regression analysis of the QRS axis during left bundle branch 
block versus “‘normal’’ conduction revealed the correlation coefficient 
(r) = 0.25 (p <0.001). Of 26 patients with left axis deviation during normal 
conduction, 18 (70 percent) had left axis deviation during left bundle 
branch block (p «0.001). Of 79 patients with left axis deviation during 
left bundle branch block, 61 (77 percent) did not have underlying left axis 
deviation during “normal” conduction. There was no significant associ- 
ation of axis during left bundle branch block with myocardial infarction 
or left ventricular hypertrophy diagnosed during “normal” conduction. 

In summary, although a small but significant correlation was found 
between the QRS axis during left bundle branch block and “normal” 
conduction, underlying left anterior hemiblock does not account for the 
presence of left axis deviation during left bundle branch block in most 
patients. 


In the absence of bundle branch block, a normal QRS axis implies in- 
tegrity of conduction in both divisions of the left bundle branch. Ab- 
normal left axis deviation commonly implies the presence of conduction 
block within the anterior division of the left bundle branch (left anterior 
hemiblock).*? However, in the presence of complete left bundle branch 
block, the electrophysiologic significance of a normal axis or abnormal 
left axis deviation is unclear. 

In an attempt to unravel the pathophysiology of the QRS axis during 
left bundle branch block, one can scrutinize this axis in patients who 
manifest both “normal conduction" (absence of bundle branch block) 
and left bundle branch block, correlating the axis noted during both 
varieties of conduction. Previous comparisons have yielded conflicting 
conclusions, some investigators? finding a close correlation of axis during 
normal conduction and left bundle branch block, and others,'?4 not 
finding such a relation. 

In this study, we examined the frontal plane QRS axis during “normal 
conduction" and during the left bundle branch block in 231 patients with 
intermittent left bundle branch block, in an attempt to further clarify 
the pathophysiology of conduction during left bundle branch block. In 
addition, other electrocardiographic diagnoses evident during normal 
conduction were correlated with the QRS axis during left bundle branch 
block. 
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INTERMITTENT LEFT BUNDLE BRANCH BLOCK—SWIRYN ET AL. 


Methods 


Study patients: Electrocardiographic files on patients with 
intermittent left bundle branch block were gathered by mail 
solicitation of cardiologists as previously described.56 By 
definition, each patient had an electrocardiogram demon- 
strating absence of left bundle branch block subsequent to an 
electrocardiogram showing left bundle branch block. The 
criteria for the diagnosis of left bundle branch block were (1) 
QRS duration equal to or greater than 0.12 second, and (2) the 
presence of notched, M-shaped complexes in the left precor- 
dial leads.75 Patients with either typical or atypical left bundle 
branch block were included. Criteria for the diagnosis of 
myocardial infarction and left ventricular hypertrophy during 
"normal" conduction (defined as absence of bundle branch 
block) were as previously described.56 

Classification of electrical axis: The mean frontal plane 
QRS axis was judged to the nearest 5 degrees using total area 
of positive and negative deflections in microvolt seconds as 
described by Friedberg.? Patients with indeterminate frontal 
plane QRS axis during normal conduction or left bundle 
branch block, or both, were excluded. Left axis deviation was 
diagnosed if the QRS axis was —30? or less. A normal axis was 
diagnosed if the QRS axis was between —29° and +90°. For 
some data analysis, patients were grouped according to QRS 
axis in each electrocardiogram as follows: (1) normal con- 
duction with normal axis, (2) normal conduction with left axis 
deviation, (3) left bundle branch block with normal axis, and 
(4) left bundle branch block with left axis deviation. 

Statistical analysis: The data were entered into a Digital 
Equipment Corporation, model PDP 11/45 computer located 
at the Arthur Goldberg Research Center, University of Illinois, 
Chicago, Illinois. The INGRESS data base system was used 
for data retrieval and statistical analysis. Yates' correction was 
used for chi-square analysis. 
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FIGURE 1. QRS axis during left bundle branch block (ordinate) versus 
axis during "normal" conduction (absence of left bundle branch block) 
(abscissa) in 231 patients with intermittent left bundle branch block. 
Each point represents one patient. Vertical and horizontal lines at —29? 
separate patients with a normal axis from those with left axis deviation. 
The relative paucity of points in the left upper quadrant reflects the small 
number of patients with left axis deviation during normal conduction 
but a normal axis during left bundle branch block. Most patients with 
left axis deviation during left bundle branch block did not have underlying 
left axis deviation during normal conduction. 
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Results 


Two hundred thirty-one pairs of patient electrocar- 
diographic records met the study criteria. The sex of 207 
patients was reported; 105 (51 percent) were male and 
102 (49 percent) female. Age, reported for 197 patients, 
ranged from 1 to 91 years (mean 61). The time from the 
electrocardiogram demonstrating left bundle branch 
block to that demonstrating normal conduction was 
known for 227 patients and ranged from 0 to 2,640 days 
(mean 158). The two electrocardiograms were recorded 
within 1 month of each other in 134 patients (59 per- 
cent) and within 1 day in 89 patients (39 percent). 


QRS Axis 


During normal conduction, the frontal plane QRS 
axis for the total group ranged from 4-90? to —75? (mean 
+ standard deviation 19 + 34°; 205 patients (89 percent) 
had a normal axis, and 26 (11 percent) had left axis de- 
viation. During left bundle branch block, the QRS axis 
ranged from +85° to —70? (mean —7 + 34°; 152 patients 
(66 percent) had a normal axis, and 79 (34 percent) had 
left axis deviation. For the total group, the mean frontal 
plane QRS axis shifted +26° with normalization of 
conduction. Regression analysis of QRS axis during 
normal versus left bundle branch block conduction 
yielded a correlation coefficient (r) value of 0.25 with 95 
percent confidence limits of 0.13 to 0.38 (p «0.001) (Fig. 
1). Thus, there was a weak but highly significant cor- 
relation between axes during normal and left bundle 
branch block conduction. In Figure 1 the upper left 
quadrant of the graph is relatively empty demonstrating 
that very few patients had left axis deviation during 
normal conduction and a normal axis during left bundle 
branch block. 

Examples of patients with each of the four possible 
combinations of axes were found; that is, normal axis 
in both electrocardiograms (Fig. 2), left axis deviation 
in both electrocardiograms (Fig. 3), normal axis during 
normal conduction with left axis deviation during left 
bundle branch block (Fig. 4) and left axis deviation 
during normal conduction with normal axis during left 
bundle branch block (Fig. 5). 

Table I presents the total numbers of patients with 
each of these combinations. There was a significant 
association of normal conduction and left axis deviation 
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FIGURE 2. QRS complexes of a representative patient with a normal 
axis during both left bundie branch block (upper panel) and normal 
conduction (lower panel). One hundred forty-four of the 231 patients 
(62 percent) with intermittent left bundle branch block were in this 
group. 
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FIGURE 3. QRS complexes of a representative patient with left axis 
deviation during both left bundle branch block and normal conduction. 
Eighteen patients (8 percent) were in this group. 


with left bundle branch block and left axis deviation (chi 
square = 14, p <0.001). Eighteen of the 26 patients (69 
percent) with left axis deviation during normal con- 
duction also had left axis deviation during left bundle 
branch block. However, 61 of 79 patients (77 percent) 
with left axis deviation during bundle branch block did 
not have underlying left axis deviation during normal 
conduction. 


Other Findings 


P-R interval: Availability of an electrocardiogram 
demonstrating normal conduction after the electro- 
cardiogram demonstrating left bundle branch block 
allows examination for any change in P-R interval ac- 
companying bundle branch block. A “delta P-R” was 
calculated for 207 patients with sinus rhythm in both 
electrocardiograms by subtracting the P-R interval 
during normal conduction from that during left bundle 
branch block. The mean delta P-R for patients with a 
normal axis during left bundle branch block versus 
those with left axis deviation was —0.003 + 0.02 versus 
0.006 + 0.02 second (p = 0.005). Thus, patients with left 
axis deviation during left bundle branch block had a 
larger average increment in P-R interval than those with 
a normal axis during left bundle branch block. 

Myocardial infarction: Forty-eight patients had 
electrocardiograms during normal conduction that met 
the criteria for myocardial infarction. These included 
30 of 152 patients with a normal axis and 18 of 79 pa- 
tients with left axis deviation during left bundle branch 
block (chi square = 0.13, not significant [NS]). 
Twenty-three patients had an anteroseptal myocardial 
infarction. These included 18 of 152 patients with a 
normal axis and 5 of 79 patients with left axis deviation 
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FIGURE 5. QRS complexes of a patient with left axis deviation during 
normal conduction and a normal axis during left bundle branch block. 
Eight patients (3 percent) were in this group. 
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FIGURE 4. QRS complexes of a representative patient with a normal 
axis during normal conduction and left axis deviation during left bundle 
branch block. Sixty-one patients (26 percent) were in this group. 


during left bundle branch block (chi square = 1.2, 
NS). 

Left ventricular hypertrophy: Forty-four patients 
had electrocardiograms during normal conduction that 
met the criteria for left ventricular hypertrophy. These 
included 29 of 152 patients with a normal axis and 15 of 
79 patients with left axis deviation during left bundle 
branch block (chi square = 0, NS). 

In summary, no association was demonstrated be- 
tween the presence of criteria for all myocardial in- 
farctions, anteroseptal infarction, or left ventricular 
hypertrophy during normal conduction and the pres- 
ence of left axis deviation during left bundle branch 
block. 


Discussion 


Significance of left axis deviation during left 
bundle branch block: This problem has been studied 
using clinical, pathologic and electrocardiographic 
comparisons as well as electrode mapping of ventricular 
activation. It is now clear based upon clinical studies by 
Blondeau‘ and by Dhingra et al.? that the presence of 
left axis deviation implies a likelihood of more advanced 
organic heart disease. Blondeau,* comparing patients 
with left bundle branch block with and without left axis 
deviation, found the former (with left axis deviation) 
more commonly among hospitalized patients and those 
coming to postmortem examination whereas a majority 
of the latter (without left axis deviation) were outpa- 
tients. Only 2 percent of patients with left axis deviation 
were without identifiable heart disease compared with 
24 percent of patients with a normal axis. Primary 


TABLE | 
Summary of Findings 





Patients With Left 
Bundle Branch Block 
Normal Axis Left Axis Total 





Patients with normal 


conduction, * normal axis 144 61 205 
Patients with normal 

conduction, * left axis 8 18 26 
Total 152 79 231 





* Normal conduction is defined as absence of left bundle branch 
block. 
Chi square = 14.2; p «0.001. 
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cardiomyopathy was especially common in patients 
with left axis deviation. 

Dhingra et al.? compared clinical data in 53 patients 
with left bundle branch block and left axis deviation and 
49 patients with left bundle branch block and a normal 
axis. The former were more likely to have cardiomegaly, 
heart failure and angina pectoris. They also had longer 
A-H and H-V intervals and were more likely to manifest 
heart block. 

Pathologically, isolated left axis deviation (with a 
narrow QRS complex) has been a reliable marker for 


. disease in the anterior division of the left bundle branch, 


i} 


although this electrocardiographic finding is usually 
accompanied by widespread disease in the His-Purkinje 
system.!° In pathologic studies of left bundle branch 
block, it has not been possible to predict on the basis of 
the distribution of conduction system lesions whether 
or not the patient had left axis deviation.^!! 

Left axis deviation during intermittent left 
bundle branch block: Another approach to under- 
standing the pathophysiology of axis deviation during 
left bundle branch block, one used in the present study, 
has been the comparison of electrocardiograms in pa- 
tients demonstrating both normal conduction and left 
bundle branch block. Jones and Feil? reported data on 
33 patients whose electrocardiograms, initially dem- 


 onstrating normal conduction, progressed to left bundle 


branch block. They noted a mean leftward shift in QRS 
axis of 12°. They concluded that axis deviation and the 
general pattern of the electrocardiogram were not 
greatly modified by the appearance of bundle branch 
block and that axis during left bundle branch block 
depended on axis during normal conduction. They 
further stated that “it may be considered unjustifiable 
to attribute to the bundle branch block the changes of 
axis that occurred, for factors such as a change in the 
position of the heart, ventricular hypertrophy, cardiac 
infarction, or pulmonary embolism may have developed 
in the interval between the two records." 

Rosenbaum et al.-? reported data on 32 patients with 
left bundle branch block (intermittent in 26) and added 
the 33 cases of Jones and Feil? and 33 cases gleaned from 
13 smaller reported series. On the average, these 98 
patients had a QRS axis 23? more leftward during left 
bundle branch block than during normal conduction. 
However, the QRS axis in individual patients shifted 
anywhere from 75° to the right to 160° to the left. Of 20 
patients with left axis deviation (—45° or less) during 
left bundle branch block, 6 also had left axis deviation 
during normal conduction. Rosenbaum et al. concluded 
that QRS axis often changed with the appearance of left 
bundle branch block and attributed this change to as- 
ynchrony of arrival of electrical activation crossing the 
septum from the right ventricle at the anterior and 
posterior fascicles of the left bundle branch. 

In Blondeau’s clinical study, QRS axis was examined 
in 66 patients having electrocardiograms showing nor- 
mal eonduction before the appearance of left bundle 
branch block. Of 14 patients with left axis deviation 
during left bundle branch block, 9 had had a normal axis 
during normal conduction. Lichstein et al.!? examined 
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axis in 49 patients whose electrocardiograms manifested 
normal conduction before the appearance of left bundle 
branch block. Of 24 patients with left axis deviation 
during left bundle branch block, 14 had a normal axis 
during normal conduction. Thus, the studies of these 
investigators!-*!? demonstrated that most patients who 
had left axis deviation during left bundle branch block 
did not have it during normal conduction. 

None of these studies answer the question recognized 
by Jones and Feil?: Did some progression of heart dis- 
ease or other cause of changing distribution of electri- 
cally active ventricular muscle occur in the period be- 
tween the electrocardiogram showing normal conduc- 
tion and that showing left bundle branch block? Such 
an event, and not the bundle branch block itself, might 
be responsible for any observed change in QRS axis. Our 
present study, including only patients with intermittent 
left bundle branch block, should minimize any contri- 
bution of changing distribution of electrically active 
muscle mass. Any change in axis in such patients is 
likely to be a consequence of altered sequence of ven- 
tricular activation. 

In our study utilizing regression analysis, we found 
a weak but highly significant correlation between the 
QRS axis during normal conduction and that during left 
bundle branch block. This finding was also supported 
by chi square analysis, which revealed a significant as- 
sociation between normal axis and left axis during 
normal conduction and left bundle branch block. Two 
observations were of interest: (1) the finding of left axis 
deviation during left bundle branch block in most pa- 
tients who had left axis deviation during normal con- 
duction, and (2) the finding of a normal axis during 
normal conduction in most patients who had left axis 
deviation during left bundle branch block. 'T'hus, there 
was a convergence or divergence of axis during the two 
varieties of conduction depending on one's point of view. 
No other finding during normal conduction (left ven- 
tricular hypertrophy, infarction) appeared to correlate 
with axis during left bundle branch block. It is difficult 
tc explain our results, although several hypotheses can 
be offered. 

Factors determining the axis during left bundle 
branch block: During anterograde conduction, the 
cardiac impulse is delivered to the ventricle by way of 
the trifascicular conduction system. If the QRS complex 
is narrow with a normal axis, this implies relatively 
synchronous activation of the ventricles and integrity 
of both divisions of the left bundle branch. Left axis 
deviation with a narrow QRS complex usually implies 
left anterior hemiblock. 

The sequence of ventricular activation during left 
bundle branch block is different from that during nor- 
mal conduction.!?-!* The impulse is conducted in an- 
terograde manner by way of the right bundle branch to 
the base of the right anterolateral papillary muscle. The 
right ventricle, including the septum, is then activated. 
The impulse crosses the septum by means of muscular 
conduction to the left side, reengages the specialized 
conduction system and distributes to the left ventricular 
muscle mass. Variations in the site of septal crossing, 


septal conduction, the reengagement of the left ven- 
tricular Purkinje system and distribution to left ven- 
tricular muscle could all affect the QRS axis during left 
bundle branch block. 

Distribution of the impulse to the right side of the 
septum by the right bundle branch and the conduction 
properties of the muscular septum itself could affect 
the site of earliest reengagement of the Purkinje net- 
work on the left side. Wyndham et al.!? demonstrated 
with epicardial mapping in five patients with left bundle 
branch block and a normal axis that anterior septal 
crossing precedes posterior crossing. If this sequence 
were to be reversed, either by altered conduction in the 
distal right bundle branch system or in the septum it- 
self, left axis deviation might result. In our series, there 
was no significant difference in the incidence of anter- 
oseptal myocardial infarction between patients with a 
normal and a leftward axis to account for abnormal 
anterior septal muscle conduction. It is intriguing that 
the average increase in P-R interval was greater in pa- 
tients with left axis deviation than in those with a nor- 
mal axis during left bundle branch block. This finding 
could imply a greater prevalence of concomitant right 
bundle branch disease (electrocardiographically silent) 
in the former. 

During left bundle branch block, once the activation 
wave has crossed the septum it depolarizes the left 
ventricle after reengagement of the Purkinje network.!° 
Therefore, widespread disease of the left anterior 
ramifications of the left bundle branch could prevent 
or retard engagement or spread of the activation front 
once engagement has occurred and thus shift the QRS 
axis leftward. In our study, patients with “left anterior 
hemiblock” during normal conduction tended to 
maintain left axis deviation during left bundle branch 
block, a finding that is consistent with alteration of the 
activation sequence at this level. However, most pa- 
tients with left axis deviation during left bundle branch 
block did not have underlying left anterior hemiblock 
during normal conduction. It is therefore difficult to 
attribute the abnormal axis during left bundle branch 
block to disease in the anterior division unless one 
postulates that the electrocardiogram during normal 
conduction is a less sensitive test for fascicular disease 
than is the electrocardiogram during bundle branch 
block. 
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One further possibility is that apparent complete 
left bundle branch block (with a normal QRS axis) is 
not complete. Cannom et al.!? demonstrated a sudden 
leftward shift in QRS axis during atrial extrastimulus 
testing in six patients with left bundle branch block and 
a normal axis. They interpreted this finding as evidence 
for intact anterograde conduction in the anterior fascicle 
of the left bundle branch during left bundle branch 
block with a normal axis. Functional block in the fascicle 
at a critical H4-H» interval with a resulting leftward shift 
in axis was postulated as the mechanism of this phe- 
nomenon. However, it is clear from the epicardial 
mapping studies of van Dam!’ and Wyndham et al.*® 
that activation of the left ventricle during left bundle 
branch block with a normal axis occurs after crossing 
of the impulse in the septal myocardium and not by 
intact anterograde left anterior fascicular conduction. 
The axis shift observed by Cannom is compatible with 
functional block due to close coupling interval at any 
site in the septum or left ventricular activation pathway. 
One need not postulate incomplete left bundle branch 
block to explain these data. However, Horowitz et al.” 
recently recorded left bundle branch potentials before 
each QRS complex in 2 of 15 patients with left bundle 
branch block. Their finding leaves open the possibility 
that, in occasional patients, activation of the left ven- 
tricle may occur partially or completely by way of the 
anterograde left bundle branch. 

In summary, in 231 patients with intermittent left 
bundle branch block, a small but highly significant 
correlation was found between QRS axis during normal 
and left bundle branch block conduction. Most patients 
with left axis deviation during normal conduction had 
left axis deviation during left bundle branch block. 
However, left anterior hemiblock during normal con- 
duction was an uncommon finding in patients with left 
axis deviation during left bundle branch block. A review 
of available data on electrical activation of the ventricle 
during left bundle branch block suggests that the site 
of engagement of the right septum, conduction of the 
impulse by septal muscle, the site of reengagement of 
the left-sided ventricular specialized conduction system 
and transmission of the impulse within this system once 
reengaged are all levels at which the activation sequence 
might be modified in some patients to result in left axis 
deviation during left bundle branch block. 
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be caused or aggravated, especially when Aldactone is 
administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tone potentiates the effect of other diuretics or antihyper- 
tensive agents, particularly ganglionic blocking agents; 
therefore the dosage of such drugs sheuld be reduced by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances same breast enlarge- 
ment may persist. Vascular responsiveness to norepi- 
nephrine may be reduced. 

Spironolactone may cross the placental barrier Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently. Gastrointestinal symptoms including cramp- 
ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever ataxia, inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
depen of the voice. Carcinoma of the breast has been 
reported but a cause-and-effect relationship has not been 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for 
three to four weeks (long test), or for four days (short test). 
For preparation for surgery or for long-term maintenance 
therapy. 100 to 400 mg. daily 

For edema in adults: Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily. If 
after five days an adequate diuretic response has not oc- 
curred, a second diuretic which acts more proximally in the 
renal tubule may be added. The dosage of Aldactone 
: remain unchanged when other diuretic therapy is 
added 

For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg./kg.) in divided doses. 

For essential hypertension: initial adult daily dos- 
age of 50 to 100 mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 
patient response. 

For hypokalemia: 25 to 100 mg. daily in divided doses. 


SEAR. Searle & Co. 
San Juan, Puerto Rico 00936 
Address medical inquiries to: 
G. D. Searle & Co. 
Medica! Communications Department 
Box 5110, Chicago, Illinois 60680 


Ad 


™ 


When other measures are considered 
inadequate or inappropriate 


thie an effective diuretic in its own 
right, also enhances the efficacy of other 
diuretic agents. 


[VÍ rne unique potassium-regulating 
mechanism of Aldactone can prevent hypo- 
kalemia with limited risk of hyperkalemia. This 
helps protect your patient from digitalis- 
induced arrhythmias. 


E Unlike other potassium-sparers, Aldactone 
specifically antagonizes aldosterone, thereby 
mitigating secondary volume buildup. 


For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHE 


Limitations to Consider: Spironolactone has 
been shown to be a tumorigen in chronic 
toxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
considered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
~ Aldactone prescribing information.) 


Before prescribing, please consult the complete 
prescribing information, a brief summary of which 
appears on the preceding page. 


SEA RLE Searle & Co. 


San Juan, Puerto Rico 00936 
010 


"Round-the-house" edema, 
electrolyte washout, subtle 
secondary volume buildup 








AND DELIVERABLE. 


The ICR 6201G-2b: an information breakthrough 
in Holter cardiography. 


A breakthrough in Holter cardiography doesn't do medicine a bit of good if it's still on the 
drawing board. At ICR, not only can every Holter system we make be delivered quickly 
and dependably, but each is also the result of an aggressive clinical evaluation program. 

For instance, our new 6201G-2b Holter system is ready right now for day-to-day use. 
It's the most sophisticated ever developed. 

Sophisticated in terms of its microprocessor design, its superior range of scanning 
functions, and its sensitivity to and analyses of cardiac information. 
Just as important, as with all ICR Holter systems, it's simple. 
Simple to operate— simple to upgrade— and simply the 
most comprehensive system available. 
The 6201G-2b allows you to choose the infor- 
mation summary format you prefer from a 
wide range of options. This flexibility 

makes the 6201G-2b the most prac- 

tical and powerful Holter system 
ever developed. 

ICR makes a full range of 
Holter systems to meet virtually 
any diagnostic or budget con- 
sideration. We build these 

systems to your exact needs. 


( 50) toll-free 
1-(800)-448-1675. 
In New York, call collect: (315) 437-7291. 
Ask for a copy of our beautifully 
illustrated “Failsafe Holter Hook-up” 
poster and more information on 

the wide range of ICR Holter 

systems. Or write: Instruments 

for Cardiac Research, 6057 


Corporate Drive, East Syracuse, 
N.Y. 13057, U.S.A. 
















When your patients depend on you, depend on our technology. 


IE amants for 
Cardiac Research, Inc. 
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Artist's representation of the lumen of an arteriole, 
dilation of which results in reduced peripheral resistance 
and blood pressure. 
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Relative hemodynamic changes at rest and during exercise after one year of 
prazosin therapy in 10 hypertensive patients. Adapted from Lund-Johansen' 
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MIN IPRESS 


(prazosin HCl) «s 





MINIPRESS 


fazosin HUI) 5957s" 


2 mg, 5mg 


a Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 

s Maintains cardiac output which allows 
patients to maintain an active life style. 


s" Maintains renal blood flow and glomerular 
filtration rate so it can be used effectively 


even in patients with renal impairment. 

s Not a CNS agent so patients experience 
few of the troublesome CNS side effects 
that impair their quality of life. 

s Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 

* A small percentage of patients have 
experienced orthostatic hypotension 
and syncope. 


Start with É 
1mgb.i.d.* | 


Initiate therapy 


B.LD. Dosage Titration... 
the Key to Effective _ 
Control of P. dn 


Tirateto — |. 
| 5 mg b.i.d* | 


T wiNiPRESS 


Titrateto | ^^ 
2mgbid* |: The usual 
A maximum daily 

A ” dosage is 20 mg in 
= | divided doses, although 
| a few patients may benefit 
| from increases up to 40 mg 
1 Ad “Or tid. daily in divided doses. 


with evening dose. capsule 


BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 196 in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
can be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
increasing the dosage slowly, and by introducing any additional antihypertensive drugs 
into the patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these »ossible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of MINIPRESS 
(prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.6%, 
lack of energy 6.996, weakness 6.5%, palpitations 5.396, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tolerated 
with no decrease in dose of drug. 








The following reactions have been associated with MINIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edemz, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-re atedabnormal ophthalmological findings have been reported. 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient’s individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg two orthree times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few p: ej may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Dregs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg three 
times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

More detailed information available on request. 

Reference: 

1. Lund-Johansen P: Hemodynamic changes at rest and during exercise in 
long-term prazosin therapy for essential hypertension, in Prazosm Clinical 
Symposium Proceedings, published as a special report by Postgrad Med. New 
York, McGraw-Hill Book & Education Services Group, 1975, p» 45-52. 


LABORATORIES DIVISION 


PFI7ZER inc 





"Some cardi 


iologists like high contrast. 





Others prefer a flatter image. 


Cinegram gives them the choice.. 
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"There's no such thing as the perfect 
cineradiographic film . . . a single film tha: 
will meet the diagnostic information re- 
quirements of every cardiologist. Indi- 
vidual preferences are just too great to 
make any one film more than a com- 
promise. And as | see it, cineradiography 
is no place for compromise. 

"That's why at Ilford we have two dif- 
ferent types of Cinegram film. . . each with 
different characteristics. And we have twc 
developers to let us zero in perfectly on 
the image that the cardiologist favors. 

"But getting the exact image the car- 
diologist wants involves more than just 
film and chemistry. Matching our products 
to the unique characteristics of the facili- 
ty s equipment is equally important. 

We've learned that the combination of 
equipment used at a facility will pro- 
foundly affect the film and chemistry 
choice...andalso the exposure and pro: 
cessing requirements. Even the pro- 
jector's optics must be taken into account 

"Knowing how to do this takes very ex- 
perienced people ... and we have them. 
Our people are the best trained, most 
qualified and experienced cineradiology 
specialists in the world. And their know- 
how is an important reason why our 
Cinegram images are usually so superior 

"Most cardiologists tell us that 
Cinegram lets them see things they've 
never seen before. And that's true whethe 
they had asked us to give them more 
black-and-white contrast... greater 
smoothness in the gray tones .. . sharper 
definition . . . or just overall detail. We're 
able to give them the type of image they 
prefer with the ILFORD Cinegram System 

"Keeping that image always on target 
is of course also essential. That's 
where our Cinegram Quality Control 
Program comes in. As far as | know, no 
one else in this business goes so far with 
their quality control program. But we do 
because it's important. Again, it's 
that attitude of never just settling for a 
compromise." 

To learn more about the ILFORD 
Cinegram System, call or write . . . 
ILFORD Inc., Medical Imaging Division, 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000. 





ILFORD 


For diagnosticians 
who really care about quality. 
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If you wouldn't think of changing 
your brand of digitalis, shouldn't you 








think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 


But both can cause serious cardiac arrhyth- 


mias.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity.” 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 


with digitalis is LASIx® brand of furosemide. 


However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIX®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsIX* that established 
the standard for furosemide performance. 
It is LASIX® that is the subject of almost 
6,000 published papers. It is LAsrx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsIx* that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX* tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 


HOECHST-ROUSSEL 
MP] PHARMACEUTICALS INCORPORATED 


SOMERVILLE, NEW JERSEY 08876 


AC TM KOOGI AC 


References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 
(suppl.):12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 
evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: J. Pharm. Pharmacol. 29 

(Suppl.):5P, Dec. 1977. 5. Rubinstein MH, Rughani JM, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 3AF, 
U.K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industrial 
Pharmacy 4(6): 541-553 (1978). 6. HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drug 


Administration), March 30, 1979, pp.2-3. 


Specify LAsIX* brand of furosemide. To be sure the 
patient receives only LASIX®, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 











IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 





Lasix®: furosemide) : 
- A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 ond 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, If 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patients needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 

CONTRAINDICATIONS: Becouse animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in potients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving potassium-deplefi 

steroids. Perform frequent serum electrolyte, CO+, and BUN de- 
terminations during first few months of therapy ond periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Ciosely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing lemia and metabolic a kalosis. Discon- 
tinue furosemide if increasing azotemia anc oliguria occur dur- 
ing treatment of severe, progressive renal disease Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
moy potentiate the therapeutic effec! of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patier! should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding severa! 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and o restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
anc hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequote oral electrolyte intake wil! also contribute to 
hypokalemia. Digitalis may ps itm metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have Deen observed in association with dehydration, which 
should be avoided, particulorly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive rena! excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate fhe action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 
as furosemide may enhance the nephrotoxicity of cephaloridine 
Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent tor therapeu- 
fic use. 

It has been reported in the literature that coadministration of 
indomehacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma "enin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide; should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irmation. 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multitorme, 
pruritus. Orthostatic hypotension may occur and may De exog- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle sposm, weakness, restiessness, urinary blodder 
spasm, thrombophlebitis. 
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Amerec not only 
sells more Tunturi 
Ergometers, Cardio Cycles, 
and Rowing Machines 
than any other distributor 
in the world, but Amerec 
also has the parts and 


service to back up 
those sales. 








Tunturi knows our name. 
Maybe you should too. 





AMEREC 


For additional information, call toll-free 1-800/426-0858; 
or write Amerec, Box 3825, Bellevue, Washington 9800€. 
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In experimental cardiac tamponade, catecholamines improve hemody- 
namic variables. To determine whether hemodynamic changes result in 
increased blood flow to critical organs, tamponade was produced in nine 
spontaneously breathing, anesthetized dogs. Infusion of dopamine, iso- 
proterenol or norepinephrine doubled cardiac output, but only norepi- 
nephrine increased mean arterial pressure. All catecholamines increased 
blood flow to the myocardium, but not to the brain or kidney. Isoproterenol 
caused a significant decrease in the endocardial/epicardial blood flow 
ratio, which was shown to be due to tachycardia. 

To determine whether catecholamines increase cardiac output and 
mean arterial pressure in patients with tamponade, eight patients with 
tamponade due to neoplasms were studied before therapeutic pericar- 
diocentesis. Cardiac output increased only 50 percent with dopamine and 
isoproterenol and not at all with norepinephrine. Cardiac filling pressure 
did not decrease with isoproterenol or dopamine, as in experimental 
tamponade. Only norepinephrine increased mean arterial pressure. 

Thus, although catecholamines improve hemodynamics in experimental 
tamponade, the heart is the only critical organ to which blood flow is im- 
proved. The hemodynamic benefits of catecholamine administration to 
patients may be more limited than previous experimental studies have 
suggested. 


Cardiac output and mean arterial pressure decrease in cardiac tam- 
ponade because the presence of fluid in the pericardium limits diastolic 
filling.! Several acute studies in animals have demonstrated that cate- 
cholamines increase cardiac output and mean arterial pressure toward 
normal values by increasing myocardial contractility (isoproterenol) or 
by causing peripheral vasoconstriction (norepinephrine).?-* Accordingly, 
isoproterenol, either alone or with volume expansion,? as well as other 
catecholamines have been recommended to improve hemodynamics in 
patients with cardiac tamponade as interim treatment until the peri- 
cardial fluid can be removed. However, for these agents to be considered 
as therapy in patients with tamponade, two additional criteria should 
be satisfied: (1) Changes in hemodynamic variables should result in 
improved blood flow to critical organs’; and (2) the hemodynamic ef- 
fectiveness of these drugs should be demonstrated in patients with 
tamponade. This study examines changes in blood flow to organs pro- 
duced by dopamine, isoproterenol and norepinephrine in animals with 
experimental cardiac tamponade and the hemodynamic effects of these 
agents in patients with cardiac tamponade. 


Methods 


Experimental Studies 


Animal preparation: Nine mongrel dogs weighing from 18 to 30 kg were 
anesthetized with a mixture of chloralose and urethane, 100 mg/kg body weight 
and 1,000 mg/kg, respectively. Induction of anesthesia was deliberately slow so 
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that the animals were breathing spontaneously as they were 


_ intubated. This was done so that spontaneous ventilation 


would resume after surgical preparation. During this prepa- 
ration the dogs were ventilated with a Harvard respirator. The 
left side of the chest was entered through the fourth intercostal 
space and the pericardium was cannulated with a no. 8 poly- 
ethylene pigtail catheter through a stab incision. Two 2-0 silk 
ties were placed around the catheter using a purse-string su- 
ture and a cyanoacrylate ester glue was placed over the suture 
and surrounding areas to achieve a seal, which was docu- 
mented by a preliminary inflation of the pericardium with 
saline solution at body temperature. The saline solution was 
removed and the chest was closed in two layers. A chest tube 
to an underwater seal was left in place throughout the ex- 
periment to remove air and to prevent atelectasis. 

Hemodynamic measurements: We administered heparin 
(250 units/kg) and measured right atrial pressure with a no. 
7 Swan-Ganz catheter, aortic arch pressure with a polyeth- 
ylene tube, 1.4 mm in internal diameter, and left ventricular 
pressure with a no. 8 polyethylene catheter. The right brachial 
artery and left femoral vein were used for blood withdrawal 
and drug infusion, respectively. The circulation to the right 
hind limb was not disturbed. Pressures were measured with 
a Statham P23dB transducer at mid chest level and recorded 
on an oscillographic recorder. 

Cardiac output was measured by the dye dilution tech- 
nique. Indocyanine green dye (2.5 mg) was injected into the 
right atrium. Dye concentrations from right brachial arterial 
blood were recorded on a Lyons densitometer and cardiac 
output was calculated by a computer (Lyons model DCCO- 
04). Data were obtained from duplicate curves with expo- 
nential decay. 

Microsphere blood flow measurements: We used ra- 
dioactive-labeled microspheres, 15 u in diameter, for mea- 
surement of organ blood flow. Use of this sphere size has been 
validated on the organs studied under various conditions, 
including vasodilation and hypotension.5-1? The radioactive 
label does not significantly leave the microspheres.!? The 
spheres were suspended in dextran and agitated mechanically 
for at least 2 minutes. Spheres were examined microscopically 
to be certain that no significant clumping occurred. Starting 
1 minute before and continuing 3 minutes after injection, we 
withdrew blood from the right brachial artery at 2.06 cc/min 
with a Harvard pump. For each measurement 9.9 + 0.7 x 106 
microspheres were injected over a 10 second period into the 
left ventircle. No circulatory disturbances were recorded 
during injection or when the catheter was immediately flushed 
with 5 ml of normal saline solution. 

After the study a 15 g portion of the left ventricular lateral 
free wall was removed and divided into epicardial, mid wall 
and endocardial sections. The brain was removed and sec- 
tioned into pieces of cerebrum, cerebellum, brain stem and 
cortical gray and white matter.? In addition, 15 g portions of 
liver, kidney, body of stomach, mid portion of ileum, terminal 
large bowel and right hind limb gracilis muscle were also 
sampled. Because directional changes in drug response were 
similar in the various brain tissues and gut tissues analyzed, 
the data were pooled and reported as flow data from total 
brain and small bowel. All tissues were weighed to the nearest 
milligram, placed in glass tubes and counted for 5 minutes 
each in a 3 inch (7.6 cm), well-type sodium iodine scintillation 
counter. The reference blood samples were divided into six 
aliquots, so that their counting geometry was similar to that 
of the tissue samples. Energy windows utilized were iodine- 
125, 20 to 50 keV; cerium-141, 126 to 175 keV; strontium-85, 
400 to 550 keV; neobium-95, 650 to 800 keV; and scandium-46, 
800 to 1500 keV. Isotope separation was performed utilizing 
standard techniques. !4 


Tissue blood flow was calculated using the formula: BF = 
C, X 100 X RBF + C,, where BF = blood flow in ml/min X 100 
g; Ct = counts/z of tissue; RBF = reference blood flow (rate 
of withdrawal from the right brachial artery); and C, = total 
counts in the reference blood. The blood flow sample rate and 
tissue reference number for each segment were punched on 
computer tape and subsequent analysis was performed with 
a PDP-11 computer. 

Experimental protocol: After spontaneous respiration 
resumed, the condition of the animal was allowed to stabilize 
for 30 minutes. Arterial blood gases and pH were as follows: 
partial pressure of carbon dioxide, 39.7 + 2.3 (standard error 
of the mean [SEM)) torr; partial pressure of oxygen, 162 + 21 
torr; pH 7.31 + 0.01. Duplicate cardiac output determinations, 
measurements of pressures, pH and arterial blood gases and 
a microsphere injection were then performed and repeated 
after each intervention. Normal saline solution at 37° C (150 
to 200 cc) was injected into the pericardium until intraperi- 
cardial pressure increased 10 mm Hg?^ or mean arterial 
pressure decreased at least 30 mm Hg. The animal's condi- 
tion was then allowed to stabilize for 1 hour, while intraperi- 
cardial pressure was monitored and additional amounts of 
saline solution were either removed from or added to the 
pericardial space to maintain constan: pressures. Usually after 
30 to 45 minutes, pericardial pressure remained constant and 
further fluid changes were not necessary. All measurements 
were repeated after 1 hour. 

Then each animal was given two er three different cate- 
cholamines by constant infusion through a Harvard pump 
at the following doses and end points: dopamine, 5 to 20 ug/kg 
per min, was given to the highest obtainable cardiac output; 
isoproterenol, 0.5 to 1 ug/kg per min, was given to the highest 
obtainable cardiac output when heart rate increased 20 to 40 
beats/min; norepinephrine, 0.8 to 4 ug/kg per inin, was given 
to increase mean arterial pressure to each animal's pretam- 
ponade level. The order of agents given was random. Re- 
cordings were performed after 5 minutes of steady state he- 
modynamics during infusion of the agent. When the infusion 
was stopped, the animal was allowed tc return to its previous 
steady state. 

After all drugs had been given, return to tamponade pres- 
sures was documented and intrapericardial fluid was removed 
and measured. In all cases reported, the fluid volume with- 
drawn equaled that totally administered, indicating that an 
adequate pericardial seal was presen:. The animal was then 
killed with an injection of potassium chloride. 


Clinical Studies 


Patients: Eight patients with echocardiographically doc- 
umented pericardial effusion and evidence of tamponade 
(cyanosis, dyspnea and hypotension cr a central venous 
pressure above 13 cm H50, or both) were referred for peri- 
cardiocentesis!? by physicians not involved in this study. In- 
formed consent was obtained using a separate form approved 
for this study by the University of Iowa Hospital Human 
Research Committee. During the study we measured arterial 
pressure with a no. 5 French polyethylene tube in the femoral 
artery and right heart and pulmonary arterial pressures with 
a no. 7 French Swan-Ganz catheter inserted into a femoral 
vein sleeve. Pressures were recorded with Statham P23dB or 
P23ID transducers at mid chest level on an Electronics for 
Medicine DR-16 multichannel photographic recorder. Cardiac 
output was measured with the system described earlier. In- 
docyanine green dye (5 g) was injected into the pulmonary 
artery and the concentration curve was sampled from the 
femoral artery. 

Protocol: After demonstration of tamponade hemody- 
namics, the pericardial sac was entered using the intraperi- 


cardial needle as an exploring electrode.!6 When hemorrhagic 
fluid was found, less than 10 ml was removed for hemoglobin 
and oxygen saturation measurements to confirm that the fluid 
removed was from pericardial space. A no. 6 French end and 
side hole catheter was inserted into the pericardium using the 
Seldinger technique and intrapericardial pressure was mea- 
sured. Control pressures and cardiac output were obtained 
and drugs were then administered intravenously by a constant 
infusion Harvard pump. Dopamine, 5 to 20 ug/kg per min, was 
administered to the highest obtainable cardiac output as 
judged from repeated CardioGreen? dye measurements; iso- 
proterenol, 4 to 10 ug/min, was administered until heart rate 
increased by at least 20 beats/min; norepinephrine, 8 to 32 
ug/min, was administered until mean arterial pressure in- 
creased 15 mm Hg or to the patient's presumed normal pres- 
sure. Dopamine alone was given to three patients; isoprote- 
renol followed by norepinephrine was given to five. After the 
latter three patients received isoproterenol, hemodynamic 
variables were allowed to return to control values (usually 
requiring 10 to 15 minutes) before norepinephrine was given. 
After administration of the agents, all pericardial fluid ob- 
tainable was removed. No complications were encountered 
as a result of the pericardiocentesis or the administration of 
any agent. 

Statistical methods: All data are expressed as mean + 
standard error of the mean. Hemodynamic data were evalu- 
ated with Student's paired t test in both patients and animals, 
comparing the tamponade variable with the drug-induced 
change in that variable. Organ perfusion was evaluated using 
a two-way analysis of variance. The data were transformed 
logarithmically because of unequal variances. A modified least 
significant difference test was employed to evaluate differ- 
ences between the control and tamponade periods and be- 
tween tamponade and drug-induced changes in organ blood 
flow.!? 

Results 
Animal Studies 

Hemodynamic data (Table I): Tamponade in- 
creased intrapericardial pressure to 7 + 1 mm Hg, 
causing an increase in mean right atrial and left ven- 
tricular end-diastolic pressures and an increase in pul- 
sus paradoxus from 11 + 2 (control) to 21 + 3 mm Hg 


TABLE | 
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(tamponade). Mean arterial pressure, cardiac output 
and stroke volume decreased and calculated systemic 
vascular resistance increased significantly. 

As dopamine or isoproterenol infusion increased 
cardiac output and stroke volume, right atrial and in- 
trapericardial pressures decreased significantly. Iso- 
proterenol significantly increased heart rate. Left ven- 
tricular end-diastolic pressure decreased significantly 
with dopamine, but not with isoproterenol. 

Norepinephrine infusion returned mean arterial 
pressure to control levels associated with no decrease 
in heart rate, and cardiac output increased. In contrast 
to dopamine and isoproterenol, norephinephrine infu- 
sion did not change right atrial, left ventricular end- 
diastolic or intrapericardial pressures. 

Organ blood flow and vascular resistance data 
(Fig. 1 to 3, Table II): With induction of cardiac tam- 
ponade, blood flow to all organs decreased significantly. 
Myocardial endocardial to epicardial blood flow ratios 
were not altered. Cerebral blood flow was not main- 
tained, at least in part because of a decrease in partial 
pressure of carbon dioxide. 

Dopamine infusion increased coronary blood flow 
above control values (Fig. 1). Cerebral perfusion tended 
to increase, partly as the result of an increase in partial 
pressure of carbon dioxide (Fig. 2). Small bowel blood 
flow increased (Fig. 3). 

Isoproterenol infusion, like infusion of dopamine, 
increased coronary blood flow (Fig. 1). However, myo- 
cardial endocardial to epicardial blood flow ratio de- 
creased significantly. To determine whether the 
mechanism of the isoproterenol-induced decrease in this 
ratio was due to the increased heart rate during tam- 
ponade, we studied an additional five animals after | 
tamponade was induced during atrial pacing to heart | 
rates similar to those produced by isoproterenol. Nei- 
ther atrial pacing nor isoproterenol infusion signifi- 
cantly changed arterial pressure and heart rates were 
slightly higher with pacing (230 + 5 beats/min) than 


Hemodynamic Effects of Catecholamines in Animals With Cardiac Tamponade 


Dopamine Isoproterenol Norepinephrine 
Control  Tamponade (n = 5) (n = 8) (n = 6) 
(n = 9) (n = 9) Tamponade Drug Tamponade Drug Tamponade Drug 
Heart rate (beats/min) 14444 168 + 20 156420 — 1714: 16 185222 215 +.20° 159 +21. 156. £ 17 
Mean arterial 12144 88 + 6t 9716 89 + 5 8405 733 92 +7 118 + 4° 
pressure (mm Hg) 
Intrapericardial «0 7 X 1! 8+2 §+ 1* TET 5¢1' 841 (27 
pressure (mm Hg) 
Right atrial 124 7 x 1f 7 d 1 541 7 de 6 x 721 7 1 
pressure (mm Hg) 
Left ventricular 6 € 1 10 1t 11+1 71° 1041 112 112 122 
end-diastolic 
pressure (mm Hg) 
Cardiac output 38404 1240.1! TS £0.2 2.7% 0T" 1.3 0.2 2.7 404° 14:402 242405" 
(liters/min) 
Stroke volume (ml/beat) 26 +3 8 x 1! 10+ 2 16 + 4° 8+2 14 + 3° 10+ 2 16+4 
Systemic vascular 3443 73 + 8! 71 X 14 38 + 6" 6115 28 + 3° 66+ 8 58+1 


resistance (units) 


* p <0.05 versus tamponade. 
t p <0.05 versus control value. 
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MYOCARDIAL PERFUSION 
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FIGURE 1. Effect of tamponade and catecholamines on myocardial 
perfusion. Tamponade (T) reduced myocardial perfusion. Dopamine 
(D), isoproterenol (I) and norepinephrine (N) significantly increased 
myocardial perfusion to above control (C) levels. Isoproterenol produced 
a significant decrease in endocardial/epicardial (Endo/Epi) perfusion 
ratio. gm = gram; p = probability; SEM = standard error of the mean; 
VS — versus. 


with isoproterenol (215 + 20 beats/min). Table II shows 
that both isoproterenol infusion and atrial pacing pro- 
duced a significant decrease in the endocardial to epi- 
cardial blood flow ratio; the magnitude of the decrease 
was not significantly different between the two inter- 
ventions. These data suggest that the tachycardia was 
responsible for the decrease in the endocardial to epi- 
cardial blood flow ratio during isoproterenol infusion. 
Isoproterenol significantly increased blood flow to 
skeletal muscle (Fig. 3). There was no increase in blood 
flow to any other organ bed (except the heart). 
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FIGURE 2. Effect of tamponade and catecholamines on brain perfusion 
and Pcos. Tamponade reduced cerebral perfusion and PCO». Isopro- 
tereno! and norepinephrine tended to decrease both Pco» and cerebral 
perfusion; with dopamine PCO»; increased and brain perfusion tended 
to increase. Abbreviations as in Figure 1. 
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Norephinephrine infusion improved coronary blood 
flow, whereas it maintained endocardial to epicardial 
blood flow ratios constant. 


Patient Studies 


Cardiac pressures and results of pericardiocen- 
tesis: All eight patients studied had cardiac tamponade 
documented by equivalent mean right atrial, right 
ventricular end-diastolic and pulmonary arterial dia- 
stolic or pulmonary arterial wedge pressures, or both 
(Table III). Twe patients had lung disease with elevated 
pulmonary vascular resistance and pulmonary arterial 
diastolic pressures; in both patients the pulmonary ar- 
terial wedge pressures equaled the right atrial pressures. 
All had tamponade secondary to neoplastic involvement 
of the pericardium. Pericardial fluid drainage resulted 
in a reduction of the elevated intrapericardial pressure 
in all patients from a control value of 17 + 3 mm Hg to 
2+ 1 mm Hg (p «0.005). In four patients, the right atrial 
pressure remained elevated after pericardiocentesis, 
despite decreases in intrapericardial pressure to 2mm 
Hg. This subgroup of patients probably had subacute 
effusive-constrictive pericarditis, as described by 
Hancock.!? In the other four patients, the right atrial 
pressure decreased after pericardiocentesis to 2 te 3 mm 
Hg, matching the decrease in intrapericardial pressure. 
Therefore, this group of patients had tamponade with 
no evidence of constriction. The individual data from 
these four patients are given separately (Table IV). 

That pericardial tamponade rather than constriction 
was the predominant hemodynamic problem in all eight 
patients is suggested by the results of pericardiocentesis 
(Table III): In all the patients intrapericardial, right 
atrial and pulmonary diastolic pressures decreased, 
pulsus paradoxus virtually disappeared and a dramatic, 
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FIGURE 3. Effect of tamponade and catecholamines on perfusion of 
various organs. Tamponade reduced flow to kidney, liver, skeletal 
muscle and small bowel. No drug significantly improved perfusion of 
kidney or liver; the increasec cardiac output with isoproterenol was 
directed largely to skeletal muscle, whereas dopamine increased smail 
bowel perfusion. Abbreviations as in Figure 1. 


subjective lessening of symptoms (primarily dyspnea) 
occurred. 

Tables I, III and IV showed that the right atrial 
pressures in the patients (which were within 1 mm Hg 
of each patient's intrapericardial pressure) were gen- 
erally higher than the intrapericardial pressure in the 
animals. Heart rates were generally lower in patients 
than in animals. Otherwise, hemodynamic alterations 
due to tamponade were similar. 

Response to dopamine, isoproterenol and nor- 
epinephrine: The patients' responses to both dopamine 
and isoproterenol were similar in that cardiac index, 
stroke volume and heart rate all significantly increased 
(Tables III and IV). But in contrast to the situation with 
experimental tamponade, cardiac index increased only 
50 percent above tamponade level and mean right atrial 
and left ventricular filling (pulmonary arterial diastolic) 
pressures did not decrease in patients in response to 
dopamine and isoproterenol. This hemodynamic re- 
sponse, which is different from that seen in experi- 
mental tamponade, was not limited to the patients with 
an effusive-constrictive pattern of tamponade; the in- 
dividual data of the four patients with tamponade and 
no constriction (Table IV) show similar responses. 

Only norepinephrine increased arterial pressure due 
to peripheral vasoconstriction. In contrast to the find- 
ings in the animal studies, cardiac index was unchanged 
in response to norepinephrine. 


Discussion 


There are three major findings of this study. First, 
the only significant increase in blood flow to critical 
organs induced by catecholamine therapy of cardiac 
tamponade was in the coronary circulation; no drug 
significantly increased brain or renal perfusion. Second, 
increased myocardial blood flow due to isoproterenol 
was significantly less in the endocardium than in the 
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TABLE Il 


Effects of Isoproterenol and Pacing on Endocardial/ 
Epicardial (Endo/Epi) Ratio in Animals With Tamponade 





Control Tamponade Intervention 
Isoproterenol group 
(n = 7) 
Endo/Epi 1.0140.08 1.00+0.07 0.80 + 0.06* 
Endocardial blood 126 + 21 709 194 + 28° 


flow (ml/min X 
100 g) 

Pacing group (n = 5) 
Endo/Epi 
Endocardial blood 

flow (ml/min X 
100 g) 


* p <0.05 versus tamponade. 


0.96 + 0.05 0.97 + 0.07 0.88 + 0.6* 
205 + 44 185 + 41 241 + 82 





epicardium; this may predispose to subendocardial 
ischemia. Third, the inotropic response of the heart to 
catecholamines in patients with tamponade is not as 
marked as in animal studies. 

Methodology and experimental design: Our 
methods and experimental design require some com- 
ment. First, the catecholamines we administered were 
infused to achieve a given response rather than a fixed 
dose level. Thus, dopamine was given to produce the 
highest cardiac output at a dose of 5 to 20 ug/kg. In this 
range dopaminergic effects on renal and splanchnic 
vascular beds would produce a different distribution of 
cardiac output from that produced by norepinephrine.!? 
Isoproterenol was gradually increased to achieve the 
highest cardiac output obtainable within a recom- 
mended dose?? range which caused significant cardiac 
rate increases. 

Second, we chose microspheres with a diameter of 15 
u to measure blood flow to an organ because spheres of 
this size have been shown to measure accurately whole 


TABLE lll 
Hemodynamic Effects of Catecholamines in Patients* With Cardiac Tamponade 
Post Peri- 
cardio- 
Tamponade Tamponade' Isopro- Tamponade! Norepi- centesis 
(n = 3) Dopamine (n — 5) terenol! (n = 5) nephrine? (n = 7) 
Heart rate (beats/min) 120 + 12 143 + 4 108 + 2 131+ 8* 113 +3 110+ 2 112+ 8. 
Mean arterial 90+ 8 97 +7 88 +4 95 £7 86 + 4 111+ 6 89+7 
pressure (mm Hg) 
Right atrial 18+2 19+2 16-3 AUT 3 17432 1843 8 + 28 
pressure (mm Hg) 
Cardiac index 2.4+0.5 3.8 + 0.71 2.2 + 0.4 3.2 + 0.5! 2.9 4- 0.3 2.2 + 0.4 ND 
(liters/min per m?) 
Stroke volume (ml/beat) 38 t7 49 + 8! 36 +6 4346 37+6 35+6 ND 
Systemic vascular 18+ 2 10+ 1% 20+3 15 + 3? 18+2 26 + 4i ND 
resistance (resis- 
tance units) 
Pulmonary arterial diastolic 19 x 1 21:1 25 13 24 2 23 +2 26+ 2 20 + 28 
pressure (mm Hg) 
Pulsus paradoxus 27 X3 27 X9 3843 7 38 +7 355 39 + 11 113$ 


* Four of these eight patients have tamponade plus constriction (see text). 


t Includes two patients with lung disease (see Results). 
t p «0.05 versus tamponade. 

8 p <0.005 versus tamponade. 

ND = not done. 
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TABLE IV 


Hemodynamic Effects of Catecholamines in Four Patients With Cardiac Tamponade and No Pericardial Constriction 


Heart Rate Mean Arterial Right Atrial Cardiac Index Stroke Volume 
(beats/min) Pressure (mm Hg) Pressure (mm Hg) (liters/min per m?) (ml/beat) 
Case 1 
Tamponade 96 100 16 2.4 43 
Dopamine 135 105 20 4.4 56 
Case 2 
Tamponade 130 95 17 3.2 47 
Dopamine 147 90 15 4.5 58 
Case 3 
Tamponade 106 100 9 2.8 38 
Isoproterenol 130 110 11 4.4 48 
Norepinephrine 112 130 9 3.3 42 
Case 4 
Tamponade 116 80 20 [A 19 
Isoproterenol 162 90 20 3.1 34 
Norepinephrine 116 110 24 1.2 19 





organ perfusion in the vascular beds we studied.9-!? 
Smaller spheres are not all trapped in the vasculature 
of some organs? and larger spheres have been associated 
with major physiologic disturbances during injection. 

Third, because of the limit of different radiolabels of 
microspheres available, we did not document, with 
microspheres, a return to the preintervention level of 
organ blood flow during tamponade, that is, between 
different catecholamine infusions. Therefore, it was 
theoretically possible that time-related changes in the 
distribution of cardiac output during tamponade could 
have affected our results. In order to minimize such an 
effect we waited 1 hour after induction of tamponade 
to begin catecholamine infusion. We also documented 
a return to baseline hemodynamics after a single cate- 
cholamine infusion, and varied the order of catechol- 
amine infusions so that each was made an equivalent 
number of times early, middle and late in the experi- 
ments. In addition, we examined the response of organ 
blood flow induced by each catecholamine infusion 
administered early compared with later infusions of the 
same drug. The directional changes did not differ. Thus, 
we do not believe that changes with respect to time from 
onset of induction of tamponade had any important 
effect on the results of these studies. 

Decreased myocardial blood flow in cardiac 
tamponade: The results of our experimental study 
confirmed that cardiac tamponade was associated with 
a significant decrease in myocardial blood flow,?!-25 
which may result in ischemia.?? The decrease in myo- 
cardial blood flow has been related to decreased oxygen 
demand (because of decreased wall stress due to de- 
creased aortic pressure and chamber size), but may also 
be secondary to increased coronary vascular resistance 
due to the abnormal transmural pressure gradient 
produced by the extrinsic pressure of the pericardial 
fluid.?^ In the study by Wechsler et al.,24 the latter 
reasoning was used to explain a decrease in endocardial 
to epicardial blood flow ratios that was demonstrated 
during tamponade alone. Although we agree that in- 
creased coronary vascular resistance could explain in 
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part the decreased myocardial blood flow demonstrated 
in our study and that of Wechsler et al., we did not 
demonstrate a greater decrease in endocardial com- 
pared with epicardial blood flow in tamponade alone. 
The discrepancy may be explained by differing exper- 
imental conditions: Wechsler et al.24 made blood flow 
measurements after 15 minutes of tamponade (1 hour 
in our study), during respirator-controlled breathing 
(our dogs were spontaneously breathing) and during 
measurement of heart rates, the results of which are not 
reported (heart rate in our study tended to increase 
from 144 to 168 beats/min). 

Myocardial blood flow after isoproterenol infu- 
sion: In our study, catecholamines infused during 
tamponade produced significant increases in coronary 
blood flow. However, we had no direct measurement to 
indicate whether the increased coronary blood flow was 
adequate to meet the increased mvocardial metabolic 
needs during inotropic or chronotropic stimulation, or 
both. However, the occurrence of ischemia might be 
inferred from the significant decrease in the endocardial 
to epicardial ratio during administration of isoprote- 
renol. Griggs et al.“ demonstrated that during beta 
adrenergic stimulation myocardial lactate and pyruvate 
levels were higher in the subendocardium than in the 
epicardium. These findings were consistent with in- 
creased energy utilization by the endocardium relative 
to the epicardium. If isoproterenol infusion resulted in 
greater energy utilization in the endocardium then in 
the epicardium in tamponade, but greater blood flow 
to the epicardium than to the endocardium (Fig. 1 and 
Table II show a decrease in endocardial to epicardial 
ratio), ischemia might result because the oxygen de- 
mand could exceed the oxygen supply in the endocar- 
dium. 

One possible mechanism for the decrease in endo- 
cardial to epicardial ratio during isoproterenol infu- 
sion is tachycardia. Tachycardia abbreviates diastole, 
which is the period when the subendocardium is per- 
fused." Because the coronary circulation may be 
maximally vasodilated during tamponade,?? further 


shortening of diastole may cause the endocardium to 
become relatively underperfused (compared with the 
epicardium), even though absolute blood flow to the 
endocardium is increased (Table II). Because isopro- 
terenol may increase oxygen demand in the endocar- 
dium to a greater extent than that in the epicardium, 
isoproterenol may potentially cause or aggravate sub- 
endocardial ischemia during cardiac tamponade. 
Organ blood flow after catecholamines: Although 
catecholamine infusion improved total coronary blood 
flow, no catecholamine studied improved blood flow to 
the brain or kidney during tamponade. Tamponade 
alone produced a decrease in cerebral blood flow which, 
in part, was associated with hyperventilation that in- 
duced a decrease in partial pressure of carbon dioxide 
(Pcos).2 With isoproterenol and norepinephrine 
infusions, PCO2 remained low. Because decreased PCO? 
does not inhibit autoregulation of cerebral blood flow 
with pressure changes in this range, flow to the brain did 
not improve despite the increases in cardiac output and 
mean arterial pressure?? with isoproterenol and nor- 
epinephrine. The respiratory depressant effects of do- 
pamine? resulted in an increase in PCO% to 47 torr, but 
cerebral blood flow did not significantly increase, pre- 
sumably because the increased cardiac output was di- 
rected away to other organ vascular beds, particularly 
the small bowel. 'Thus, although catecholamines in- 
creased blood flow to various noncritical organs, they 
did not significantly improve blood flow to the brain. 
Clinical effect of catecholamines in tamponade: 
We also studied the hemodynamic effectiveness of 
catecholamines in patients with cardiac tamponade. 
Increased cardiac index, when it occurred, was less than 
that in experimental tamponade and no decrease in 
cardiac filling pressures occurred during drug infusion. 
There are several possible reasons for these differences 
between patient and animal responses. Patients may 
have an impaired response to inotropic agents because 
of myocardial ischemia or myocardial involvement by 
the process causing pericarditis or chronic underlying 
heart disease, or all of these factors. Four of our eight 
patients had effusive-constrictive pericarditis.!? The 
constrictive element may have contributed to the failure 
of filling pressure to decrease with drugs in these pa- 
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tients, but a similar failure of filling pressure to decrease 
was seen in three of the other four patients who had no 
evidence of constriction (Table V). Also, the patients 
may not have responded to exogenous catecholamines 
because the levels of endogenous catecholamines or 
sympathetic nerve activity may have already been high 
compared with those of the anesthetized animals. 
Whatever the reason, the hemodynamic benefit of 
catecholamine therapy in our patients was more limited 
than expected on the basis of both the present and 
previous experimental studies.?-* 

The limitations of comparing these experimental and 
clinical studies must be understood. First, in all of our 
patients, neoplastic pericardial involvement was the 
cause of the tamponade. These patients may be a rep- 
resentative group in that neoplasm is present in a sub- 
stantial percentage of patients with tamponade re- 
quiring pericardiocentesis,???! depending on the patient 
population served. It is possible that in tamponade of 
other, nonneoplastic causes catecholamine adminis- 
tration might be more effective. Second, organ perfusion 
was not measured in the patients. Third, the animals 
had faster heart rates than the patients and they were 
anesthetized. Fourth, the animals had less time (1 hour) 
to adapt to pericardial fluid than the patients did and 
they received larger doses of isoproterenol and norepi- 
nephrine. Finally, we did not study all degrees of se- 
verity of tamponade. 

Therapeutic implications: We found that cate- 
cholamine administration in an experimental model of 
tamponade increased perfusion only in the myocardium 
and not in the brain or kidney. In patients with tam- 
ponade, the hemodynamic benefits of catecholamine 
administration were limited. These studies suggest that 
use of catecholamines, even as interim therapy of peri- 
cardial tamponade, may not be as beneficial as previ- 
ously thought. Either pericardiocentesis or surgical 
drainage is the definitive therapy for tamponade and 
should be undertaken as quickly as possible. 
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Subepicardial Vasodilator Reserve in the Presence of 
Critical Coronary Stenosis in Dogs 


KIM P. GALLAGHER, PhD" Critical coronary stenosis is the term used to describe obstruction that 
JOHN D. FOLTS, PhD eliminates reactive hyperemia presumably because downstream arteri- 
RONALD J. SHEBUSKI oles have dilated maximally to compensate for a proximal stenosis. 
JOHN H. G. RANKIN, PhD However, evidence of distal vasomotor capacity exists despite the 
GEORGE G. ROWE, MD presence of severe constriction. Coronary blood flow in the left circumflex 
Madison, Wisconsin artery and blood pressure in the aorta and distal circumflex artery were 


studied in six open chest, anesthetized dogs. The circumflex artery was 
obstructed sufficiently to eliminate 95 to 98 percent of reactive hyperemia, 
but resting coronary blood flow was not reduced. The regional distribution 
of myocardial blood flow was studied with tracer microspheres (diameter 
15 jum) before and after intracoronary injection of adenosine (5 zmoles) 
and after the release of a 15 to 20 second occlusion. The subendocardial 
to subepicardial ratio of flow in the obstructed bed was not changed by 
the stenosis (ratio 1.23 + 0.10 [mean + standard error of the mean| versus 
1.28 + 0.07, difference not significant). Administration of adenosine de- 
creased subendocardial flow from 0.95 + 0.07 to 0.73 + 0.08 ml/min per 
g (p <0.001) and increased subepicardial flow from 0.76 + 0.04 to 1.31 
+ 0.08 ml/min per g (p <0.001); the subendocardial to subepicardial 
blood flow ratio decreased to 0.58 + 0.06 (p <0.001). After the release 
of the temporary occlusion, subendocardial flow decreased and subepi- 
cardial flow increased a comparable amount and the subendocardial to 
subepicardial ratio decreased to 0.55 + 0.07 (p <0.001). Circumflex 
coronary blood flow measured simultaneously with use of an electro- 
magnetic flowmeter increased from 29 + 2 to approximately 35 ml/min 
(p <0.01). Thus, arteriolar vasodilator reserve persists in the presence 
of proximal critical stenosis, but the vasomotor capacity is limited primarily 
to the outer layers of the myocardium. 


Critical coronary stenosis has been defined as the degree of partial ob- 
struction that eliminates reactive hyperemia without significantly re- 
ducing coronary blood flow at rest.!-* Some investigators?? have sug- 
gested that these events are caused by maximal vasodilation of down- 
stream arterioles compensating for severe proximal obstruction. How- 
ever, others,9-? believe that some arteriolar reserve exists, most likely 
in the subepicardial region. 

The effects of increasing cardiac work on the distribution of myo- 
cardial blood flów in the presence of coronary stenosis have been ex- 


. . . Lis . 3,4,10 LI * 11 
Eun hé DnA ot on And Phisicl- amined with pacing-induced tachycardia, hemodilution,!! volume 


ogy, University of Wisconsin Medical School, loading to increase preload,"* and exercise.'* In each case, relative sub- 
Madison, Wisconsin. Manuscript received July 17, endocardial underperfusion occurred or was augmented and regional 
1979; revised manuscript received December 4, ischemia was indicated by an increase in myocardial carbon dioxide 
| Sab oerte eqpesi ah € iun tension and a decrease in oxygen tension,“ regional dysfunction!'-4 or 
E E UN EOHDNUB PUR changes in subendocardial or epicardial electrograms.*! The apparent 
P. Gallagher, PhD, A-011 Seaweed Canyon Lab- Sy o à , : 
oratory, University of California, San Diego, La redistribution of coronary blood flow distal to the stenosis may have been 
Jolla, California 92093. due to exhaustion of vasodilator reserve in the subendocardium before 
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interventions that increased the demand for myocardial 
blood flow were initiated.?-*9:? Alternatively, an in- 
crease in mean vascular resistance in the subendocar- 
dium relative to the subepicardium may have led to the 
inability of inner layer blood flow to increase.? The latter 
changes might have occurred as a result of the reduction 
in diastolic time per minute associated with tachycardia 
due to pacing or other interventions.9-1? 

This study was performed to determine whether va- 
sodilator reserve exists in the presence of critical ste- 
nosis. The preparation was designed to allow manipu- 
lation of the vascular resistance distal to a severely 
narrowed coronary artery without concomitant effects 
on overall hemodynamic status. Intracoronary admin- 
istration of the potent vasodilator adenosine and brief 
total occlusion of the critically stenosed left circumflex 
artery were used to induce maximal vasodilation. Re- 
gional myocardial blood flow was measured with tracer 
microspheres. The hypothesis tested was that suben- 
docardial vasoactivity was exhausted with critical ste- 
nosis whereas subepicardial vasoactivity remained and, 
therefore, vasodilating stimuli could lead to redistri- 
bution of available coronary inflow as a result of re- 
ductions in subepicardial vascular resistance.9 The 
preparation was designed to stress only one vascular bed 
rather than the whole heart or vascular system in order 
to demonstrate how localized vasodilation might lead 


LAYER 2 





LAYER 3 


"IGURE 1. Schematic representation of the manner in which the left 
rentricle was divided into segments for assay of radioactivity and 
nyocardial blood flow calculation. After fixation in formalin and re- 
rigeration for 48 hours, the right ventricular free wall, atria, valve rings, 
najor epicardial vessels and fat were removed. The left ventricle was 
iliced, as shown, into three layers and the apex, which was discarded. 
:ach layer was divided into six to seven parts. Each segment was 
iubdivided into three pieces: inner (I, subendocardial), middle (M) and 
uter (O, subepicardial) as shown in the lower left inset. The hatched 
‘egments represent the usual segments dyed by methylene blue in- 
ection into the circumflex artery prior to immersion in formalin. A — 
interolateral wall; APM = anterior papillary muscle; L = lateral wall; 
' = posterior wall: PPM = posterior papillary muscle; S4, S? = septal 
egments. 
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to an alteration in the normal pattern of transmural 
blood flow. 


Methods 


Experimental preparation: Six mongrel dogs were pre- 
medicated with morphine sulfate, 3 mg/kg body weight, 30 
minutes before induction of anesthesia with Dial-Urethane®, 
45 mg/kg. The animals were intubated with a cuffed endo- 
tracheal tube and ventilated through a closed circuit anes- 
thesia machine (Ohio Medical Products) using a gas mixture 
of 25 percent oxygen and 75 percent nitrous oxide. This pro- 
cedure allowed control of blood gases, which were checked 
periodically to be sure they were within normal limits, and 
reduced the requirement for additional Dial-Urethane. Rectal 
temperature was continuously monitored with an electronic 
probe, and hematocrit was periodically checked to make 
certain it was in the range of 30 to 40 percent. 

A left thoracotomy was performed through the fifth inter- 
costal space and the heart was suspended in a pericardial 
cradle. An electromagnetic flow probe (Statham SP2202) was 
placed around the left circumflex coronary artery to measure 
coronary blood flow. Blood pressure in the distal circumflex 
artery was measured with a Statham P23Db transducer con- 
nected to a 23 gauge Silastic® catheter.!^ The effect of the 
coronary catheter on hemodynamic conditions at rest was 
evaluated by measuring blood flow with an electromagnetic 
flowmeter before and after insertion of the catheter in each 
experiment. There was no difference in the volume of resting 
coronary blood flow, its phasic pattern. or the peak reactive 
hyperemic response. It is possible that after we created coro- 
nary stenosis the coronary catheter additionally disturbed 
coronary flow even though no such effect was observed during 
control conditions. However, the similarity of our data on 
resting coronary blood flow and other hemodynamic variables 
during critical coronary stenosis to those reported by other 
investigators?-^8 who did not utilize coronary catheters argues 
against that possibility. 

Central aortic pressure was measured with a Statham 
P23Db transducer connected to a cardiac catheter inserted 
through the carotid artery into the ascending thoracic aorta. 
A silk ligature was passed loosely around the circumflex artery 
and through plastic tubing forming a tourniquet that allowed 
temporary occlusions to produce reactive hyperemic re- 
sponses. Epicardial electrograms were recorded from elec- 
trodes sewn to the surface of the heart in the area of distri- 
bution of the left anterior descending and circumflex arte- 
ries. 

Coronary stenosis and myocardial blood flow mea- 
surements: Partial obstruction of the circumflex artery was 
produced with a plastic cylinder that completely encircled the 
artery, as previously described.'®!7 The distribution of 
myocardial blood flow was examined by using the tracer mi- 
crosphere reference withdrawal technique.!? Microspheres 
of 15 + 5 um diameter labeled with one of four isotopes (ga- 
dolinium-153, tin-113, New England Nuclear; iodine-1?5. 
scandium-46, Minnesota Mining and Manufacturing) were 
used. Approximately 1 to 1.5 million spheres were injected for 
each flow determination through a polyethylene catheter into 
the left atrium. Each batch of spheres was mixed by ultra- 
sound for 30 minutes and vortex-agitated for 5 to 10 minutes 
before injection. The adequacy of dispersion was checked 
under a microscope. Withdrawal of blood from a femoral 
catheter at a constant rate of 2.1 ml/min with use of a Harvard 
perfusion pump was begun before microsphere injection and 
ended 3 minutes later. Myocardial and reference samples were 
assayed with a three channel automatic gamma counting 
system (Nuclear-Chicago 1185). Myocardia! blood flow cal- 
culations!? were performed with a Univac 1110 computer. 
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stenosis were analyzed with paired t tests.!? Values are ex- 
pressed as mean + standard error of the mean. 


Assay of radioactivity: At the end of the experiments the 
animals were killed with barbiturates and their hearts re- 
moved. After 48 to 72 hours of immersion in formalin the 
hearts were sectioned as shown in Figure 1. The cross-hatching 
represents the usual segments stained when methylene blue 
dye was injected into the circumflex artery before immersion 
of the heart in formalin solution. This was done to delineate 
the vascular bed perfused by the circumflex artery. Segments 
that were incompletely dyed (indicating a region in which 
perfusion by different major arteries overlapped) were dis- 
carded from analysis. The ratio of inner to outer flow (endo- 
cardial/epicardial flow ratio) was used as an index of 
transmural distribution of myocardial blood flow. Blood flow 


Results 


Control hemodynamic and myocardial blood flow 
data: Heart rate, mean aortic blood pressure and the 
systolic pressure-heart rate product (used as an index 
of relative myocardial oxygen consumption) were not 
statistically different after coronary arterial narrowing 
was produced (Table I). No significant change was ob- 
served in the volume of resting coronary blood flow 
(measured by flowmeter). However, the phasic pattern 
values determined with microspheres were related to simul- of coronary blood flow was altered by the partial ob- 
taneously recorded hemodynamic variables (epicardial elec- struction. The diastolic to systolic flow ratio (mean flow 
trograms, aortic and distal circumflex blood pressure, and in diastole/mean flow in systole) was reduced from 3.03 
coronary blood flow through the circumflex artery.) + 0.57 to 1.26 + 0.02 (p <0.05). The salient features of 

Interventions: Injections of microspheres for determi- this degree of partial obstruction (70 to 75 percent re- 
nation of regional myocardial blood flow were made under duction of luminal diameter) were the near elimination 
four conditions: (1) in the control (unobstructed) state, (2) of the net blood flow increase after a 90 second occlusion 
at least 15 minutes after partial obstruction of the circumflex ( . . 

à apt net reactive hyperemic response reduced 98 + 2 per- 
artery with Ernon cylinder, eh 20 to = oeste after es cent) and the creation of a 45 + 6 mm Hz pressure gii 
intracoronary bolus injection (through tin iS tration) in dient across the mechanical obstruction (Table II). The 

amount of stenosis was estimated from the percent re- 


catheter) of 5 umoles of adenosine (25 uM concentration) in 
0.3 ml saline solution, and (4) 20 to 30 seconds after release of 
duction in external diameter and on the basis of previ- 
ous studies with the plastic cylinder technique.!6.!7 


a 20 second complete occlusion. The dose of adenosine used 
was sufficient, in the control state, to increase coronary blood 
Mean blood pressure in the circumflex artery distal 
to the stenosis was reduced to 71 + 1 mm Hg. During 


flow to a level equal to or greater than that produced by a 20 
control conditions the net increase in blood flow at the 
peak of the hyperemia induced by a bolus infusion of 5 


second complete occlusion (reactive hyperemic response). 
Both of these interventions (3 and 4) were performed while 
y. moles of adenosine was 158 ml/min. This was reduced 


the circumflex artery was partially obstructed with the plastic 
cylinders in order to simulate vasodilatory stimuli without 


effecting changes in heart rate or systemic blood pressure. 
Statistical analysis: Because of problems with the refer- 
ence withdrawal sample for one of the microsphere injections, 
data on regional blood flow from one dog were eliminated. For 
each animal, the mean blood flow in the three transmural 
layers (endocardial, mid and epicardial) was calculated by 
averaging the flow in the individual segments representing a 
particular vascular bed (left circumflex or left anterior de- 
scending). The number of individually counted tissue samples 
ranged from five to nine. Statistical comparisons were made 
between the average flows obtained in this manner. Statistical 


95 percent by partial obstruction of the circumflex ar- 
tery (Table II). An increase in the degree of coronary 
narrowing beyond this point in each dog led to a de- 
crease in the resting level of coronary blood flow. 
Regional blood flow in the myocardium supplied by 
the circumflex artery was not significantly altered after 
the artery was stenosed (Table III). The subendocardial 
to subepicardial blood flow ratio also remained statis- 
tically similar (1.23 + 0.10 to 1.28 + 0.07). Blood flow in 


the myocardium supplied by the left anterior de- 
scending artery was not markedly affected but the en- 
docardial/epicardial ratio was significantly elevated. 
Data on the distribution of myocardial blood flow are 
presented graphically in normalized fashion in Figures 
9 and 3. Relative changes in regional myocardial flow 


analysis of the myocardial blood flow data was conducted by 
analysis of variance with repeated measures factor.!9 When 
overall significance was detected, a Dunnett's test was used 
to detect differences between groups. Although the sample 
size (no. = 5) appears small, we obtained statistically signifi- 
cant results. Hemodynamic data before and after coronary 


TABLE | 

Hemodynamic Effects of Critical Stenosis, Intracoronary Adenosine, and 20 Second Complete Occlusion of the 

Circumflex Artery 

Critical Intracoronary Postocclusive 
Control p Stenosis p Adenosine p Response 
Heart rate (beats/min) 119 + 10 NS 125 19 NS 121 X: 11 NS 126 + 12 
Mean arterial blood pressure (mm Hg) 118i 7 NS 116 +6 0.03 110 6 NS 109 + 8 
Mean distal coronary blood pressure 114+6 0.003 7141 0.006 5213 NS 55i4 
(mm Hg) 

Pressure gradient (mm Hg) 4+1 0.002 45+6 0.01 58 + 8 NS 55+9 
Coronary blood flow (ml/min) 28+4 NS 2T S 0.02 32 t3 NS 35 +6 
Pressure-rate product (X 107) 15.69 NS 15.85 NS 15.93 NS 16.22 


+2.07 +2.35 +2.93 


+1.86 
All values are expressed as mean value + standard error of the mean. NS = not significant; p = probability value; Pressure-rate product = systolic 
blood pressure X heart rate. 
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TABLE Il 


Effect of Critical Stenosis on Coronary Blood Flow, 
Reactive Hyperemic Responses and Adenosine-Induced 
Hyperemia (measured by flowmeter, ml/min) 


circumflex artery. Subendocardial blood flow Was re- 
duced from 0.95 + 0.07 to 0.73 + 0.08 ml/min per g (p 
<0.001). In contrast, blood flow in the subepicardial 
region increased from 0.76 + 0.04 to 1.31 + 0.08 ml/min 
per g (p <0.001). The subendocardial to subepicardial 


Control M kiama blood flow ratio (Table III) was consequently reduced 

from 1.28 0.07 to 0.58 0.06 (p <0.001), indicating 

MY — 26+ 4 27 € 3 NS relative underperfusion (although not necessarily 

Peak RHR 169 + 35 51467 57-8244 ischemia) of the subendocardial region compered with 

Net RHR — 141+ 31 433^ —98t 1 the subepicardium. Blood flow in the adjacent myo- 

riss b> “Nias Wess AEG. 8148 cardium was not altered significantly by the adenosine 
Net adenosine hyperemia ^ 160 + 33 8+3 -—95.0+1 infusion into the circumflex artery. 


* Significant differences between control conditions and critical 
stenosis (probability [p] <0.01); NS = not significant. 

All values expressed as mean + standard error of the mean. 

RHR and Net RHR = reactive hyperemic response and peak reactive 
hyperemic response minus coronary blood flow at rest, respec- 
tively. 


and subendocardial to subepicardial flow ratio were 
normalized by expressing values as a fraction of the 
contro! value. Figure 2 shows data during control (equal 
to 1.0), partially obstructed and postadenosine condi- 
tions. In Figure 3, control and partial obstruction states 
are repeated with the relative changes observed after 
release of the 20 second occlusions (while partial ob- 
struction was maintained). 

Adenosine: Mean coronary blood flow (measured by 
flowmeter) increased from 27 to 32 ml/min (p <0.05) 
after adenosine was administered through the distal 
circumflex artery (Table I). Distal circumflex blood 
pressure decreased to 52 + 3 mm Hg when measured 20 
to 30 seconds after administration of adenosine, a time 
period corresponding to the period when microspheres 
were injected. Coronary biood pressure rose to the 
preadenosine level gradually, in approximately 3 min- 
utes. 

Divergent effects were observed on regional blood 
flow in the myocardium supplied by the obstructed 


Twenty second occlusion: The response after re- 
lease of the 20 second occlusion was very similar to that 
observed after infusion of adenosine. There was no 
significant change in heart rate or pressure-rate product 
(Table I), and mean arterial blood pressure was only 
slightly reduced (—6 percent, p <0.03). Blood pressure 
in the circumflex artery was reduced to a minimum of 
17 + 2mm Hg during the temporary complete occlu- 
sions of the artery. Twenty to 30 seconds after the oc- 
clusion was released, blood pressure in the distal cir- 
cumflex artery was 55 + 9 mm Hg (not significantly 
different from pressure measured a comparable time 
after adenosine infusion). The distal coronary pressure 
rose gradually to the preocclusion level with a time 
course similar to that observed after administration of 
adenosine (approximately 3 minutes). Mean corenary 
blood flow measured with the flowmeter increased to 
35 ml/min, a level of flow not significantly different from 
that observed after infusion of adenosine. 

The subepicardial response to a 20 second occlusion 
was similar to that observed after intracoronary ad- 
ministration of adenosine; blood flow increased signif- 
icantly to 1.16 + 0.18 ml/min per g (Table III). In the 
subendocardium, blood flow decreased to 0.60 + 0.10 
ml/min per g. The subendocardial to subepicardial ratio 
was reversed from 1.28 + 0.07 to 0.55 + 0.07 (p <0.001), 
a ratio not significantly different from that observed 
after administration of adenosine. 


TABLE Ill 
Regional Myocardial Blood Flow (ml/min per g) 
Critical Intracoronary Postocclusive 
Control Stenosis p* Adenosine p* Response 
Region Supplied by Left Circumflex Artery 
Endo 1.06 + 0.14 0.95 + 0.07 0.05 0.73 + 0.087 NS 0.60 + 0.10* 
Mid 1.05 + 0.16 0.90 + 0.03 NS 0.95 + 0.05 NS 0.89 + 0.13 
Epi 0.92 + 0.18 0.76 + 0.04 0.003 1.31 + 0.08! NS 1.16 + 0.18* 
Endo/Epi 1.23 + 0.10 1.28 + 0.07 0.001 0.58 + 0.061 NS 0.55 + 0.071 
Mean MBF 1.01 + 0.16 0.86 + 0.04 NS 0.99 + 0.06 NS 0.88 + 0.13 
Region Supplied by Left Anterior Descending Artery 
Endo 1.02 + 0.11 1.07 + 0.07 NS 1.00 + 0.04 NS 1.18 + 0.14 
Mid 0.96 + 0.12 0.88 + 0.04 NS 0.89 + 0.04 NS 1.07 + 0.15 
Epi 0.81+0.12 0.71 + 0.05 NS 0.75 + 0.07 NS 0.90 + 0.12 
Endo/Epi 1.31 £ 0.11 1.52 + 0.08* 0.02 1.38 + 0.10 NS 1.34 + 0.08 
Mean MBF 0.93 + 0.11 0.89 + 0.04 NS 0.88 + 0.04 NS 1.05 + 0.14 


* p = probability value (Compared with control value): NS = not significant; t = <0.05; * = «0.01. Analysis of variance used for statistical 
evaluation. 

Endo = subendocardial blood flow; Enco/Epi = subendocardial blood flow/subepicardial blood flow: Epi = subepicardial blood flow: Mean MBF 
= transmural myocardial blood flow (average of the three layers); Mid = mid myocardial blood flow. 
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Blood flow in the normally perfused myocardium 
was not significantly altered after release of the 20 
second occlusions of the obstructed coronary artery. 
Although there appeared to be a trend toward increased 
flow, the endocardial/epicardial flow ratio was not sig- 
nificantly different from the control or postadenosine 


ratios observed in this part of the myocardium (Table 
IIT). 


Discussion 


As many investigators?47810-12,1420 have clearly 
demonstrated with different hemodynamic interven- 
tions, the subendocardium is at greater risk of ischemia 
than is the subepicardium. However, our study was 
performed simply to evaluate the vasodilator capacity 
of the vascular bed of a critically stenosed coronary ar- 
tery. The intracoronary injection of adenosine and 20 
second occlusion allowed us to test whether the 
transmural pattern of regional blood flow could be 
changed without markedly affecting other hemody- 
namic variables. The circumflex artery was obstructed 
to a degree of stenosis (70 to 75 percent diameter re- 
duction) that approximated the conditions usually de- 
scribed as critical stenosis in which reactive hyperemia 
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FIGURE 2. Relative changes in myocardial blood flow and endocardial 
to epicardial blood flow ratios (ENDO/EPI) during partial obstruction and 
after intracoronary administration of adenosine in myocardium supplied 
by the circumflex artery. Flows and endocardial to epicardial blood flow 
ratios were normalized by expressing them as a fraction of the appro- 
priate control value. Statistically significant differences from the criti- 
cally stenosed conditions are indicated with asterisks. CIRC — myo- 
cardium perfused by the left circumflex coronary artery; ENDO — 
subendocardial region; EPI — subepicardial region; LAD — myocardium 
perfused by the left anterior descending coronary artery; MID — mid 
myocardial region. 
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was abolished but coronary blood flow at rest remained 
at the control level.!-4 The sustained reduction in cor- 
onary perfusion pressure (approximately 3 minutes) 
observed distal to the proximal stenosis after adminis- 
tration of adenosine or release of the temporary occlu- 
sion, despite a prompt return to the control level of 
coronary blood flow, suggested that a reduction in 
vascular resistance had occurred downstream. Mea- 
surement of regional myocardial blood flow and distal 
coronary pressure enabled us to localize the possible site 
of change in vascular resistance. 

Subepicardial versus subendocardial vasodila- 
tory capacity after critical coronary stenosis: Our 
findings suggest that the subendocardial resistance 
vessels in myocardium supplied by the obstructed cir- 
cumflex artery were maximally or near maximally di- 
lated with the critical stenosis created. The dose of 
adenosine used and the 20 second period of total oc- 
clusion were sufficient to vasodilate completely the 
vascular bed of the circumflex artery as indicated by the 
coronary flow response to these stimuli in the control 
(unobstructed) state. When critical stenosis was created, 
apparently only subepicardial resistance could decrease 
in response to intracoronary administration of adeno- 
sine or brief occlusion because flow in this region in- 
creased, despite a reduction in coronary perfusion 
pressure. The available coronary inflow (limited by the 
stenosis) perfused the outer layers predominantly. 


NORMALIZED BLOOD FLOW 
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CONTROL 


CRITICAL POSTOCCLUSIVE 
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FIGURE 3. Relative changes in myocardial blood flow and endocardial 
to epicardial blood flow ratios during partial obstruction and after release 
of 20 second occlusion in myocardium supplied by the circumflex artery. 
Flows and endocardial to epicardial blood flow ratios were normalized 
by expressing them as a fraction of the appropriate control values. 
Statistically significant differences from the critically stenosed condi- 
tions are indicated with asterisks. Abbreviations as in Figure 2. 
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Vascular resistance in the subendocardium was prob- 
ably minimal with critical stenosis because flow in this 
region decreased in parallel with the reduction in cor- 
onary perfusion pressure after administration of 
adenosine or release of the brief occlusion. The data 
suggest that the decrease in subepicardial vascular re- 
sistance was sufficient to lower pressure in the circum- 
flex artery distal to the stenosis. Blood flow to the sub- 
endocardium consequently was reduced because the 
vasculature was no longer able to autoregulate and 
blood flow was directly dependent on perfusion pres- 
sure, although small changes in subendocardial vascular 
resistance may have occurred. This interpretation of the 
results is consistent with the belief that subendocardial 
vasodilatory capacity is more limited than that in the 
subepicardium.!4?1-23 Considerable indirect evidence 
for this view exists but direct measurements of both 
perfusion pressure and regional blood flow distal to a 
critical stenosis have not been extensively docu- 
mented. !4,23 

Subendocardial/subepicardial flow ratio after 
critical coronary stenosis: Blood will enter the inner 
and outer layers of the myocardium in proportion to the 
amount of resistance that is encountered. In the control 
(unobstructed) state, the resistance to subendocardial 
flow is high during systole when the penetrating coro- 
nary arterial branches are compressed by cardiac con- 
traction. In diastole when the extravascular compression 
is minimal, resistance to flow through the inner layers 
is less than in the subepicardium and blood is prefer- 
entially shunted to the subendocardium.®!3.21,23 Thus 
the diastolic gradient of vascular resistance favors 
subendocardial perfusion and accounts for the obser- 
vation that flow measured over the entire cardiac cycle 
is relatively uniform?!?4;* even at high heart rates in- 
duced by pacing”6 or exercise.!? However, partial ob- 
struction, may reduce the effectiveness of the fluctu- 
ating resistance gradient by eliminating the range of 
vascular resistance change that is normally available. 
The generalized vasodilation that occurs to compensate 
for the reduced perfusion pressure distal to a severe 
obstruction probably exhausts the vasodilatory capacity 


of the subendocardial vessels so that the subendocar- 
dium can no longer make up the perfusion deficit in- 
curred during systole®:!3.21,26 and subendocardial flow 
becomes directly dependent on perfusion pressure. 
Further reductions in pressure led to subendocardial 
underperfusion relative to the subepicardium as indi- 
cated by the endocardial/epicardial ratio, which de- 
creased to less than 0.60. 

Effect of vasodilating stimuli: The elimination of 
the reactive hyperemic response with critical coronary 
stenosis corresponds to the point, in the open chest, 
anesthetized dog, when subendocardial flow became 
primarily dependent on perfusion pressure. Beyond this 
level of stenosis (greater than 70 to 75 percent reduction 
of diameter and mean coronary perfusion pressure less 
than 70 mm Hg) the obstruction reduced resting flow. 
When vasodilating stimuli were imposed on the vascular 
bed of the obstructed artery, the epicardial vessels, re- 
taining active vasomotion, dilated and epicardial blood 
flow increased. With the reduction in perfusion pressure 
distal to the stenosis produced by subepicardial vaso- 
dilation, blood flow to the subendocardium decreased 
because its vascular resistance was apparently minimal 
and its blood flow varied directly with changes in per- 
fusion pressure. 

Clinical implications: Although it is difficult to 
extrapolate from animal experiments to the clinical 
condition of human patients, our data imply that a type 
of “coronary steal" may occur across the ventricular 
wall. Subepicardial vasodilation, following intracoro- 
nary adenosine infusion or brief coronary occlusion, led 
to a “steal” of perfusion pressure necessary for the 
maintenance of subendocardial perfusion.27:28 This 
finding raises the possibility that physiologic stimuli for 
coronary vasodilation (associated with anxiety or ex- 
ercise, for example) may produce similar effects in the 
presence of flow-limiting coronary stenosis, thereby 
precipitating subendocardial ischemia. These events 
would have important mechanical consequences for the 
myocardium because underperfusion of the subendo- 
cardium only can significantly limit overall wall func- 
tion, assessed as regional wall thickening.?? 
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Because nonsteroidal anti-inflammatory drugs differ in potency and degree 
of prostaglandin inhibition, they may have different effects on ischemic 
myocardium. The effect of ibuprofen, an agent of this type, on myocardial 
infarct size was measured 2 days after occlusion of the left circumflex 
coronary artery in conscious dogs. Treatment was randomized in dogs 
after occlusion: Intravenous infusions of ibuprofen (6.25 mg/kg per hour) 
were administered to 13 dogs and saline solution (0.9 percent) to 13 
control dogs over a period of 6 hours. The boundary of the occluded cor- 
onary bed, or anatomic risk region, was defined by postmortem coronary 
arteriography. Masses of infarct and occluded bed were measured by 
planimetry of weighed transverse sections of the left ventricle. Ibuprofen 
decreased infarct size compared with that in control dogs, both as percent 
of the left ventricle (mean + standard error of the mean 7.5 + 1.4 versus 
15.2 + 3.1, p <0.05) and as percent of the occluded bed (16.3 + 2.3 
versus 38.6 + 5.7, p <0.005). Ibuprofen also altered (p <0.001) the 
relation between the size of the infarct and the size of the occluded bed, 
so that hearts with occluded beds of similar size had smaller infarcts than 
those of control dogs. Morphologically, ibuprofen salvaged myocardium 
in both lateral and epicardial regions of the occluded bed. Changes in 
arterial pressure, left atrial pressure and heart rate were similar in the two 
groups. Changes in regional myocardial blood flow measured with 7 to 
9 um radioactive microspheres were also similar in both groups, with an 
increase in flow to infarcted regions and borders between 20 seconds to 
15 minutes after occlusion, but no further change from 15 minutes to 6 
hours. Thus, protection of ischemic myocardium by ibuprofen was not due 
to changes in collateral flow or myocardial oxygen demands, suggesting 
that cellular and metabolic effects might be important. 


Certain similarities between acute myocardial infarction and acute in- 
flammatory reactions have led to the notion that steroidal and nonste- 
roidal anti-inflammatory agents might protect ischemic myocardium. 
Although the nonsteroidal anti-inflammatory drugs appear to act by 
inhibition of prostaglandin biosynthesis, they differ in anti-inflammatory 
potency and degree of prostaglandin inhibition.?-5 These drugs might 
therefore have different effects on ischemic myocardium. 

Ibuprofen is a nonsteroidal anti-inflammatory drug but a weak 
prostaglandin inhibitor in the doses used to treat rheumatoid arthritis 
in human subjects.?-? Doses in this range (12.5 mg/kg body weight) have 
been reported to decrease myocardial ischemic injury in the cat? and to 
reduce myocardial infarct size in the rat? and dog.? In contrast, indo- 
methacin, another nonsteroidal anti-inflammatory drug with more po- 
tent prostaglandin inhibition? had no effect on myocardial ischemic 
injury in the cat? and increased myocardial ischemic injury in the 
anesthetized dog.? In our laboratory, indomethacin in doses (10 mg/kg) 
similar to those used by the previous investigators?? was found to in- 
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crease infarct size relative to the size of the occluded bed 
in conscious dogs.!? This study was therefore done to 
verify whether ibuprofen might reduce infarct size in 
the same conscious animal model. 


Methods 


Instrumentation: Thirty-three mongrel dogs weighing 18 
to 22 kg were placed under general anesthesia and fitted with 
instruments through a left lateral thoracotomy. An occluder 
snare was placed around the left circumflex coronary artery, 
just past the first large marginal branch. The snare consisted 
of a no. 1 silk thread, of which one end was secured to a plastic 
tube near the coronary artery and the other end looped around 
the artery and exited through the plastic tube, which was filled 
with bacitracin ointment. Plastic catheters were placed in the 
external jugular vein, common carotid artery and left atrium. 
The distal ends of the catheters and the snare were exterior- 
ized at the back of the neck through a subcutaneous tunnel. 
Penicillin (1 million units) and streptomycin (1 g) were given 
intramuscularly after surgery and the catheters were filled 
with 1,000 units of heparin in 0.9 percent saline solution. The 
operative mortality rate was 9 percent (three dogs). 

Experiments: Ten days later, experiments were done on 
30 surviving dogs while they were conscious and standing in 
a sling for support. Morphine (0.25 mg/kg) was administered 
intravenously for sedation and analgesia and free flow was 
established in the catheters. Lead II of the electrocardiogram 
and left atrial and aortic pressures (using Statham P23Db 
transducers) were recorded continuously on a pen recorder. 
Myocardial blood flow was measured by standard tech- 
niques!! using radioactive microspheres, 7 to 9 um in diame- 
ter, with Tween-80® added and labeled with iodine-125, ce- 
rium-141, strontium-85, niobium-95 or scandium-46 (3M 
Company, Minneapolis, Minnesota). Five minutes before each 
injection, the microspheres were sonicated for 3 to 5 minutes. 
About 4 million microspheres were injected into the left 
atrium and flushed with 5 ml of saline solution over 10 sec- 
onds. Reference arterial blood samples were withdrawn at a 
constant rate of 2.17 ml/min on a calibrated Harvard pump, 
starting 30 seconds before injection of microspheres and 
continuing for 2 minutes thereafter. Myocardial blood flow 
was measured 60 minutes after morphine was given. The dogs 
were then premedicated with intravenous lidocaine (1 mg/kg). 
Five minutes later, the snare was pulled to occlude perma- 
nently the left circumflex coronary artery, a clamp was tightly 
applied on the plastic tube and the free end of the silk thread 


FIGURE 1. A, representative example of a 
postmortem coronary arteriogram of the whole 
heart. The site of the occlusion of the left cir- 
cumflex coronary artery is indicated by the 
arrowhead. B, radiograph of a transverse 
section of the heart with the outlines of the 
anatomic risk region or occluded bed (dotted 
lines). The boundary lines were determined by 
following the course of each vessel in the 
whole heart radiograph from ring to ring and 
identifying the origin of the small intramural 
arteries. The location of this section on the 
whole heart is identified by the full lines in 
panel A. There was no infarction in this heart. 
Transmural radiopaque markers were re- 
moved for clarity. 
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was firmly secured around the clamp. A second microsphere 
flow measurement was made 20 seconds after occlusion. 

The 30 dogs were then randomly allocated into two treat- 
ment groups: Fourteen were treated with ibuprofen and 16 
(control group) with saline solution. The total dose of ibu- 
profen was based on that used by other investigators, ^? (that 
is 37.5 mg/kg), and was given in a volume of 150 ml of 0.9 
percent saline solution over 6 hours, at a constant rate of 6.25 
mg/kg per hour using a Harvard pump. The control group 
received 150 ml of 0.9 percent saline solution alone over 6 
hours. Infusions were begun about 3 minutes after occlusion 
and continued for 6 hours. Further microsphere flow mea- 
surements were made at 15 minutes, 1 hour and 6 hours after 
occlusion. Phasic and mean arterial and left atrial pressures, 
as well as the six limb lead electrocardiogram, were recorded 
before and after flow measurements. No attempt was made 
to suppress arrhythmias after occlusion. Two dogs died of 
ventricular fibrillation within 5 minutes after occlusion (one 
receiving ibuprofen, one control dog receiving saline solution); 
two others (both in the control group) died of ventricular fi- 
brillation over the next 5 hours. The 26 surviving dogs (13 
receiving ibuprofen, 13 control dogs receiving saline solution) 
were brought back 2 days later for electrocardiographic and 
hemodynamic recordings in the fully conscious state. The dogs 
were then given a lethal dose of anesthetic agent; the hearts 
were removed, washed free of blood and weighed. 

Measurement of the occluded bed size and infarct size: 
Postmortem coronary arteriography!9.!?.13 was performed to 
visualize both occluded and unoccluded coronary beds by si- 
multaneous injections of a barium sulfate-gelatin mass, under 
a controlled pressure of 160 mm Hg, by way of cannulas placed 
at the origins of the right, left anterior descending and left 
circumflex coronary arteries. The volume of the injections 
totaled about 5 ml and resulted in a mean weight gain of 3.5 
g (range 2 to 5). The viscosity of the injectate was such that 
there was no penetration beyond the precapillary level. The 
hearts were packed with gauze to maintain diastolic relations, 
fixed in 20 percent formalin solution and radiographed 
stereoscopically (Fig. 1A). Completeness of the occlusion was 
confirmed by finding an abrupt interruption in the arterio- 
gram of the left circumflex vessel, with nonfilling of a short 
segment. However, the bed distal to the occlusion was visu- 
alized in the radiographs as a result of filling through collateral 
channels. 

The hearts were cut into five transverse sections (1 to 1.5 
cm), beginning at the level of the occlusion, from the base to 
the apex (Fig. 2). Paired stereoscopic radiographs of all the 
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FIGURE 2. Technique of sectioning the whole heart and sampling for 
myocardial blood flow from a transverse section. Samples were taken 
within the risk region or occluded bed around the posterior papillary 
muscie, from the center (C) and margins (M) of the infarct (hatched) and 
its normal looking borders (B) (stippled). The nonischemic region was 
sampled around the anterior papillary muscle. LAD = left anterior de- 
scending coronary artery; LC = left circumflex coronary artery. 


sections were made and coded. The anatomic boundaries of 
the occluded coronary arterial bed (anatomic “risk region") 
were marked on the coded radiographs of transverse sections 
(Fig. 1B) by two independent observers using a stereoscopic 
viewer. The major coronary arterial branches were identified 
in whole heart radiographs as originating from normal vessels 
or from the circumflex artery distal to the occlusion. The ep- 
icardial and transmural course of each branch was then fol- 
lowed from section to section, and markings were made at the 
“watershed” between the interdigitating terminal ramifica- 
tions of the occluded and unoccluded arteries on each 
transverse section. The process of identifying the origins of 
termina! branches in transverse sections was aided by refer- 
ence to the whole heart radiographs (Fig. 1). In all hearts, the 
occluded bed filled through collateral channels from the 
nonoccluded vessels. Vessels at the lateral regions of the oc- 
cluded bed were well opacified, allowing good definition of the 
occluded bed boundary, although there was a variable zone 
in the center of the occluded bed around the posterior papil- 
lary muscle, which did not opacify fully when infarcts were 
large. Because of the depth of the sections (average 1 to 2 cm) 
each marked boundary represented an average through the 
thickness of the section. The extent of overlap of vessels in the 
occluded bed and adjacent nonoccluded bed across the 
marked boundaries was assessed to 1 to 2 mm in the three 
basal sections and as 2 to 4 mm in the last two apical sections. 
Good interobserver reproducibility was found in marking the 
boundaries of the occluded bed on paired coded radiographs; 
markings by two observers differed by an average of 1.02 + 2.1 
mm (standard deviation), which represent 2 percent of the 
width of the occluded region at the base and 5 percent at the 
apex (n = 150 observations). 
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The left ventricular sections were freed of the right heart 
chambers, atria, connective and fatty tissue and large epi- 
cardial vessels and were weighed. Outlines of the top and 
bottom surfaces of each left ventricular ring and their infarcts, 
identified by gross inspection, were traced on a transparent 
plastic overlay. The tracings of these rings were then super- 
imposed on the marked radiographs and aligned using pairs 
of radiopaque metallic markers inserted through the walls of 
the rings as well as natural markers (papillary muscles, cavity 
and wall contours). The markings of the boundaries of the 
occluded bed were copied and transferred to the left ventric- 
ular rings to facilitate sampling for blood flow. Areas of the 
left ventricular rings, risk regions and infarcts were measured 
with electronically performed planimetry. Masses of the in- 
farcts and occluded beds were then computed by relating the 
average areas (top and bottom surfaces of each left ventricular 
section) to the weights of the rings. In 10 dogs, areas of infarct 
outlines made by two independent cbservers differed by an 
average of 2 percent (n — 45 observations), indicating good 
interobserver reproducibility. 

Measurement cf regional myoczrdial blood flow: The 
arteriographically defined occluded bed, or anatomic risk 
region, contained clearly visible infarcts centered around the 
posterior papillary muscle with visibly normal tissue toward 
the periphery.!?.!? Sampling for regional myocardial blood 
flow was made in relation to the boundaries of the infarct and 
the occluded bed (Fig. 2). From eack left ventricular ring, 
transmural samples (0.5 to 3 g) were taken serially throughout 
the occluded bed, around the posterior papillary muscle, so 
as to include: (1) the center of the infarct and the margins of 
the infarct, at least 2 mm within the endocardial edge of the 
infarct; and (2) the adjoining normal-looking border tissue, 
located 6 to 24 millimeters within the lateral boundary of the 
occluded bed and lateral to the infarct edge. Transmural 
samples (2 to 3 g) were also taken from the center of the non- 
oecluded left anterior descending bed, around the anterior 
papillary muscle. All samples were divided into epicardial and 
endocardial halves. 'T'he upper surfaces of samples within the 
occluded bed from the mid left ventricular ring of each heart 
were marked with bromochrome for histologic examination. 
All samples were placed in plastic vials containing 5 ml of 10 
percent formalin solution and counted for radioactivity to- 
gether with the reference bleod samples in a well-type gamma 
scintillation counter (Packard model 5986) at five energy 
windows adjusted to the peak emission of the five nuclides. 
Regional myocardial blood flow was calculated from the for- 
mula: F = R X (Cm/Cr) (ml/min per g), where F = flow in 
myocardial tissue sample (ml/min per g), R = withdrawal rate 
of reference arterial blood (ml/min), Cm = corrected counts 
per gram in myocardial tissue sample, and Cr = total counts 
in reference blood samples. Samples from corresponding re- 
gions in the left ventricular rings were pocled for each heart 
to calculate weighted flows in the infarct center (c), infarct 
margin (m), visually normal border (b) and nonischemic re- 
gions. Coronary vascular resistance in each region was calcu- 
lated by dividing mean flow by mean arterial pressure. 

Histology: Tissue samples from the infarcted regions of the 
middle left ventricular rings were then embedded in paraffin 
and histologic sections were taken in the plane of the pla- 
nimetered surfaces and stained with hematoxylin-eosin. Mi- 
croscopic assessment of percent total necrosis per sample was 
made. 

Statistical analysis: Paired and unpaired Students’ t tests 
were used to calculate the significance of differences within 
and between groups. Linear regression analysis was done by 
the least square fit method, and the significance of correlation 
coefficient (r) values, slopes and intercepts calculated. The 





TABLE ! 
Hemodynamics in Dogs Given Saline Solution or Ibuprofen 
Mean Arterial Mean Left 
Heart Rate Pressure Atrial Pressure 
Timing (beats/min) (mm Hg) (mm Hg) 
Thirteen Dogs Given Saline Solution 
Before occlusion — 104 + 4 126 + 3 71:1 
After occlusion 
20s 129 + 4° 122 15 11: 1° 
15 min 122 t 3 124 +3 114.1 
1h 118+ 2 119+ 4 10+ 1 
6h 117+3 116+3 10+ 1 
Thirteen Dogs Treated With Ibuprofen 
Before occlusion 107 4 13144 Tti 
After occlusion 
20s 126 + 4* 125 5 10 = 1* 
15 min 118+5 124 t 4 11 s 1 
1h 1165 12245 E 1 
6h 117 15 1211 3 10+ 1 


* p < 0.05 versus value before occlusion (paired t test). 
Values are expressed as mean + standard error of the mean. 


2 by 2 chi square test was used to assess the significance of 
differences in event frequency between groups. The signifi- 
cance of sequential flows and hemodynamic measurements 
after occlusion was assessed by an analysis of variance with 
orthogonal contrast within groups, whereas groups were 
compared by trend analysis. Values are given as mean + 
standard error of the mean. 


Results 


Mortality: Excluding the two dogs (one each from 
the control and treatment groups) that died from ven- 
tricular fibrillation within 5 minute of occlusion, none 
of the 13 remaining dogs receiving ibuprofen died before 
2 days whereas 2 of the 15 dogs receiving saline solution 
died from ventricular fibrillation within the first 5 
hours. The difference in mortality between the two 
groups was not statistically significant (chi square = 
1.87, probability [p] <0.25). Postmortem coronary ar- 
teriography was performed in all 30 hearts and the ar- 
teriograms showed satisfactory visualization of both the 
unoccluded and occluded bed, through collateral 
channels (Fig. 1). The size of the risk regions among the 
early deaths were within the range of values for the two 
groups. Data in the 26 dogs (13 control dogs given saline 
solution and 13 treated with ibuprofen) who survived 
2 days form the basis of this report. 

Hemodynamic changes: These changes were similar 
in the two groups (Table I). Heart rate, mean arterial 
pressure and mean left atrial pressure were similar be- 
fore occlusion. After coronary occlusion, heart rate and 
left atrial pressure increased significantly (p <0.001), 
but mean arterial pressure did not change. These 
changes were maintained during the infusions in both 
groups. 

Electrocardiographic changes: Electrocardio- 
grams after occlusion showed S-T segment elevation in 
leads II, III and aVf. At 2 days, significant Q waves 
(greater than 0.03 second and 0.2 mV in lead II, III or 
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TABLE Il 
Effect of Ibuprofen and Saline Solution on Infarct Size in 
Conscious Dogs 





Infarct/Risk 
Infarct Mass Risk Region LV Mass Infarct/LV Region 
(9) Mass (g) (9) (%) (%) 
Thirteen Dogs Given Saline Solution 





1444+3.0 333430 93543.1 15.2 3.1 38.645.7 


(0-39.2)  (20.4-60.0) (76.0-118.7) (0-41.4) (0-67.5) 
Thirteen Dogs Treated With Ibuprofen 
7224 14* 3584+3.1 901449 75414* 16.3 i 2.5! 


(0-15.1)  (18.3-52.8) (70.2-118.5) (0-15.2) . (0-28.8) 


* p < 0.05; t p < 0.005, respectively, comparing dogs given ibu- 
profen or saline solution. 

Values are expressed as mean + standard error of the mean; values 
in parentheses represent range. LV = left ventricle. 


aVf were seen in seven saline treated versus three ibu- 
profen-treated dogs (chi square = 3.23, p <0.10). The 
average Lown score of arrhythmias 2 days after occlu- 
sion was not significantly different between the sa- 
line-treated and ibuprofen-treated groups (1.7 + 0.4 
versus 1.2 + 0.4). 

Infarct size: Ibuprofen significantly reduced infarct 
size, both in absolute terms and as a percent of the left 
ventricle (p «0.05) (Table II, Fig. 3). Expressed as a 
percent of the coronary occluded bed, the reduction in 
infarct size was even more marked and was associated 
with a higher level of statistical significance (p <0.005). 
Despite occlusions being made at a constant anatomic 
site, a wide range of infarct and occluded bed sizes were 
seen in both groups. Similar observations have previ- 
ously been made.19:1? It is clear that there was no sig- 
nificant difference in occluded bed mass between the 
two groups (Table II). 

In both groups, the total mass of the infarct was 
closely related to the mass of the occluded bed or risk 
region (Fig. 4). The slope of the linear regression was 
significantly greater in the control group than in the 
ibuprofen-treated group (0.91 versus 0.44, p «0.001), 
indicating that infarcts were smaller for a given size of 
occluded bed after infusion of ibuprofen. Similar dif- 
ferences in slopes were noted between the linear re- 
gressions for the infarct and occluded bed masses nor- 
malized to the mass of the left ventricle for the two 
groups (0.99 versus 0.56, p «0.001). The horizontal axis 
intercept, obtained by extrapolation of the linear re- 
gression lines, was 17.6 g of 20.3 percent of left ventricle 
for the control group, suggesting that no infarcts de- 
veloped for occluded beds below that size. Similar ob- 
servations were made in previous studies using the same 
model.!018 

The horizontal axis intercept for the ibuprofen- 
treated group was 19.3 g or 25.8 percent of left ventricle, 
not significantly different from that in the control 
group. Because inclusion of points (Fig. 4) corre- 
sponding to hearts with small or no (2 g or less or 2 
percent of the left ventricle) infarcts (and small oc- 
cluded beds) might have obscured a difference in hori- 
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zontal axis intercepts, we reanalyzed the data after ex- 
cluding such hearts. Because the largest occluded bed 
size with no infarction was 22 g or 28 percent of the left 
ventricle (Fig. 4), we replotted linear regression after 
arbitrarily excluding hearts with occluded beds less than 
28 percent of the left ventricle (three hearts treated with 
ibuprofen, one treated with saline solution); we found 
that with ibuprofen the new extrapolated intercept was 
significantly (p <0.05) displaced to the right compared 
with saline solution for plots of both absolute masses 
(21.6 g versus 13.9 g) and masses normalized to the left 
ventricle (25.3 versus 13.9 percent). The new slopes and 
r values of the linear regressions did not change signif- 
icantly from previous values when small occluded re- 
gions were excluded. Although extrapolated data must 
be interpreted cautiously, the shift in intercept (of 
ibuprofen versus saline solution) to the right supports 











FIGURE 3. Ibuprofen (IBU, hatched bars) reduced infarct 
size compared with that in control dogs (C, white bars) 
in grams (probability [p] <0.05) (left) and as percent of 
the left ventricle (p <0.05) or percent of the risk region 
or occluded bed (p <0.005) (right). The masses of the risk 
region and left ventricle did not differ significantly in the 
two groups. Normalization of infarct size relative to the 
risk region (right panel) affords more complete separation 
of the two groups than absolute masses (left panel). Mean 
values + standard error of the mean are shown. 


the notion that after administration of ibuprofen larger 
occluded regions are required before infarction is 
seen. 

Ibuprofen altered the relation of the infarct to the 
respective occluded beds or risk regions in each left 
ventricular ring from the base to the apex of the heart 
(Fig. 5). In constructing these maps showing the spatial 
relation of infarcts to occluded beds for the two groups 
(Fig. 5), the two hearts of dogs with no infarction (one 
receiving saline solution, one receiving ibuprofen) were 
excluded, leaving 12 hearts with infarction in each group 
(Fig. 4). In both groups, the infarct and occluded region 
were larger in the basal and middle portions of the heart 
and tapered toward the apex. Also the infarct/occluded 
bed ratio was greater in the basal than in the apical rings 
in both the ibuprofen-treated dogs (19.3 + 3.4 versus 5.6 
+ 3.0 percent, p <0.05) and the control group (46.0 + 5.2 
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RISK REGION AS PERCENT OF LEFT VENTRICLE 


cluded bed) Masses are plotted in 
grams (left) and as percent of left ven- 
tricle (right). Ibuprofen alters the slope 
of the relation seen in control dogs, so 
that there is less infarct for similar risk 
regions with ibuprofen. There is no in- 
farct for risk regions less than about 20 
g or 20 percent of the left ventricle in 
control dogs. With ibuprofen, the risk 
regions are all greater than 20 percent 
of the left ventricle (right panel). Al- 
though inspection of the plot on the 
right suggests that the extrapolated 
intercept might be displaced to the right 
for ibuprofen compared with the inter- 
cept in control dogs, no significant 
statistical difference was found be- 
tween these intercepts (25.8 versus 
20.3, p «O0. 1) (see text). 


40 50 60 70 


FIGURE 5. The spatial geometry of the infarct within the 
risk region (or occluded bed) from base (1) to apex (5) of 
the left ventricle is similar for the group receiving saline 
solution (top) and the group receiving ibuprofen (bottom). 
Infarct mass as percent of risk region is indicated for each 
left ventricular ring by numbers within the infarcts (stip- eh 
pled area). In both groups, risk regions taper to the apex : 
and there is more infarct at the base than at the apex. om 
Ibuprofen increased the area of myocardial salvage within 

the occluded bed from base to apex of the left ventricle. 
These maps of infarcts within the risk regions were ac- 
curately reconstructed for the two groups from mea- 
surements made between the points, shown here, on 

each corresponding left ventricular ring from every heart. 
Thus, each point represents average data from all hearts 

with infarcts within each group. 


versus 23.0 + 8.2 percent, p «0.05). Ibuprofen decreased 
(p <0.05) the absolute mass of the infarct in all rings of 
the left ventricle versus those of control dogs (that is 
base, 2.5 + 0.5 versus 5.0 + 0.5 g; apex, 0.1 + 0.1 versus 
0.9 + 0.4 g). Ibuprofen also decreased (p <0.05) the in- 
farct/occluded bed ratio in all left ventricular rings 
compared with that of control dogs (Fig. 5). When the 
reconstructed spatial maps of the infarcts within the 
occluded beds for the two groups were compared, it was 
apparent that ibuprofen salvaged myocardium in both 
lateral and subepicardial directions and did so uni- 
i from basal to apical regions of the occluded 
ed. 

Regional myocardial blood flow (Table III): The 
changes in regional myocardial blood flow were similar 
in the 10 control and 9 ibuprofen-treated dogs. Blood 
flow measurements from 2 of the original 13 dogs given 
saline solution and 1 of the original 13 dogs treated with 
ibuprofen were excluded because of arrhythmias during 
flow measurements; also, blood flows from another four 
dogs (one receiving saline solution, three receiving 
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ibuprofen) were analyzed separately because these dogs 
had very small or no infarcts. | 

In all dogs with infarcts, myocardial blood flow de- 
creased significantly (p «0.001) throughout the oc- 
cluded bed after coronary occlusion. There was a gra- 
dient of collateral flow from lateral to central regions 
and from epicardial to endocardial regions of the oc- 
cluded bed. Thus, for inner and outer halves of the left 
ventricular wall in both groups, border flows after oc- 
clusion were greater than flows in the “infarct margin" 
(p <0.05), which were greater than those of the “infarct 
center" (p «0.05). Also in all three regions in the oc- 
cluded bed in both groups, outer flows were greater than 
inner flows (p «0.05). Similar distributions of flow and 
infarction within the occluded bed have previously been 
noted in the same model.!°:!% Blood flow increased be- 
tween 20 seconds and 15 minutes with both saline and 
ibuprofen infusions, but did not change significantly 
from 15 minutes to 1 hour or 6 hours. In both groups, the 
blood flow at 20 seconds was significantly less (p «0.05) 
than the flow at 15 minutes or later sequential flows as 


Regional Myocardial Blood Flows in Dogs Given Saline Solution or Ibuprofen 





Regional Myocardial Blood Flow (ml/min per g) 








Infarct Center ie: Infarct Margin Border Region Nonischemic Region 
Timing Inner Outer Inner Outer inner Outer Inner Outer 
Ten Dogs Given Saline Solutior 
Before occlusion 0.95 + 0.05 0.832 0.09 0.90 +0.05 0.86 40.07 0.99 40.11 0.91 + 0.10 1.03 X 0.09 1.02 t 0.11 
After occlusion 
20s 0.03 + 0.01** 0.10 + 0.02*! 0.12 + 0.03*! 0.20 + 0.04** 0.47 + 0.05** 0.73 + 0.12** 0.98 + 0.07 1.04 + 0.09 
15 min 0.06 + 0.01 0.15 +0.02 0.16 +0.03 0.244 0.083 0.56 € 0.06 0.82 t 0.11 1.16 34 0.13 1.10 € 0.11 
1h 0.06 +0.01 0.15+0.02 0.1640.03 0.244004 0.563 0.06 0.78+0.10 — 0.98 + 0.07 0.97 + 0.06 
6h 0.06 + 0.01 0.16 +0.02 0.184004 0.26+4 0.05 061+0.07 0.79 40.08 — 0.931 0.10 0.88 + 0.08 
Nine Dogs Treated With Ibuprofen 
Before occlusion 0.96 + 0.08 0.9140.08 0.944 0.10 0.932 0.10 0.96 0.07 089+ 0.08 1.07 + 0.05 0.93 + 0.05 
After occlusion 
20s 0.05 + 0.01** 0.10 + 0.02** 0.14 + 0.04** 0.29 + 0.04* 0.35 + 0.07* 0.49 + 0.04*! 1.1123: 0.11 1.00 + 0.09 
15 min 0.09 + 0.02 0.1840.05 0.230 0.0856 042+0.08 0.531: 0.09 0.68 + 0.07 1.27 4 0.16 1.14 X 0.13 
1h 0.09 + 0.03 0.144 0.04 0.214006 0.37 +0.07 0.42: 0.07 0.63 + 0.09 1.07 3: 0.13 1.02 i 0.13 
6h 0.10 +0.03 0.19 3420.06 0.1934 0.08 03140.06 0414005 0.59 3 0.06 0.84 10.11 0.83 x 0.12 





* p <0.001, blood flow measurement by paired t test before occlusion versus 20 seconds after occlusion. 
t p «0.05, indicating that 20 second value is significantly less than subsequent blood flows at 15 minutes, 1 hour or 6 hours on the basis of an 


analysis of variance with orthogonal breakdown. 
Values are expressed as mean + standard error of the mean. 
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assessed by an analysis of variance with orthogonal 
breakdown. A trend analysis did not reveal a significant 
difference in changes in sequential blood flows after 
occlusion in the two groups. Flows in the border region 
in the group receiving ibuprofen were less (p «0.05) than 
those in the group receiving saline solution; this dif- 
ference may be a result of myocardial salvage in the 
group receiving ibuprofen, causing normal border tissue 
in this group to be sampled closer to the center of the 
occluded bed and further away from its lateral 
boundaries than border tissue samples in the control 
group. Blood flow in the nonoccluded bed did not 
change significantly over the 6 hours after occlusion in 
either group. 

In the four dogs (one receiving saline solution, three 
receiving ibuprofen) with very small (less than 2 g or 2 
percent of the left ventricle) or no infarcts (Fig. 4), the 
size of the occluded bed ranged from 26 to 28 percent 
of left ventricular mass. In the one dog treated with 
saline solution with no infarct, blood flows in the center 
of the occluded bed before occlusion and at 20 seconds, 
15 minutes, 1 hour and 6 hours after occlusion were 1.67, 
0.97, 0.92, 1.37 and 0.74 ml/min per g, respectively. In 
the three dogs treated with ibuprofen (one with no in- 
farct, two with infarcts of 1 and 1.5 percent of the left 
ventricle, respectively), the flows in the center of the 
occluded bed at the corresponding times were 1.09 + 
0.08, 0.54 + 0.06, 0.76 + 0.02, 0.86 + 0.08 and 0.64 + 0.07 
ml/min per g, respectively. 

Histology: The border samples in both groups were 
visually normal and no necrosis was found in any of the 
40 hearts examined histologically. The inner halves of 
both the infarct center and the infarct margin regions 
had 100 percent histologic necrosis. The outer halves of 
these two regions had 55 and 20 percent histologic ne- 
crosis, respectively. 


Discussion 


Infarct size after ibuprofen: The major finding in 
our study was that ibuprofen reduced infarct size after 
permanent coronary occlusion in the conscious dog. The 
volume of noninfarcted myocardium within the oc- 
cluded bed was increased, and salvage was found in both 
epicardial and lateral regions of the occluded bed from 
the base to the apex of the left ventricle. The demon- 
stration in the same model that prostaglandin inhibition 
with large doses of indomethacin (10 mg/kg) caused 
infarct extension in lateral and subepicardial regions 
of the occluded bed,!? provides evidence in favor of a 
functional border zone. 

In our dog model, we used postmortem coronary ar- 
teriography to define the size of the occluded bed or the 
anatomic risk region.!?1? The analysis of infarct size as 
a function of the region at risk has been used by other 
investigators.!^ 'The distribution of necrosis within the 
risk region corresponded to a gradient of collateral flow 
from peripheral to more central regions. Although the 
spared lateral borders were well within the boundaries 
of the occluded bed defined arteriographically, the 
possibility that inclusion of some normal tissue from the 
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unoccluded beds might explain in part the larger blood 
flows in the border samples cannot be excluded.!® 

Validity of microsphere flow measurements: 
Recently, the validity of microsphere flow measure- 
ments made in regions of infarcted myocardium has 
been questioned.!9-!5 Edema in the infarct might pro- 
duce an apparent loss of microspheres, which would be 
expected to reduce artificially absolute values of flow. 
In addition, infarcted myocardium might lead to true 
physical loss of microspheres, resulting in further errors. 
However, we managed the treatment and control groups 
similarly and measured flows over a limited 6 hour pe- 
riod after occlusion, 42 to 48 hours before death. It is 
likely that microspheres injected over this short a period 
of time would be lost to a similar extent, making com- 
parison of relative differences in flow over that interval 
between groups still valid. Furthermore,the changes in 
flow were directionally similar in necrotic and non- 
necrotic regions of the occluded bed, where no sphere 
loss is expected, for both the dogs treated with saline 
solution and those treated with ibuprofen. 

Mechanism of ibuprofen’s myocardial protective 
effect: Our finding of myocardial salvage with ibupro- 
fen supports observations made by other investigators 
using different animal models,?.? although the mech- 
anism responsible for the protective effect of ibuprofen 
is unknown. The decrease in infarct size is probably not 
explained by effects on myocardial oxygen demands 
because changes in heart rate, arterial pressure and left 
atrial pressure were similar in the treated and control 
groups. Although one might have expected a decrease 
in collateral blood flow from prostaglandin inhibition,? 
the changes in coliateral flow were similar in both 
groups. Thus, protection by ibuprofen may have been 
due to cellular effects. 

The notion that nonsteroidal anti-inflammatory 
drugs might be beneficial in myocardial infarction is 
based on their ability to inhibit certain similar reactions 
that occur in acute infarction and inflammatory reac- 
tions. First, leukocytes and other inflammatory cells are 
known to become trapped in ischemic regions.!? Nor- 
mally, the release from these cells of lysosoma! enzymes 
such as hydrolases ?9-?? and proteases?^ assists in their 
phagocytic and “scavenger” functions. However, these 
enzymes might also be harmful to nonnecrotic cells in 
the occluded coronary bed. Thus, nonsteroidal anti- 
inflammatory drugs, including ibuprofen, by inhibiting 
the migration of inflammatory cells?» and the release 
of harmful lysosomal enzymes,?°-?? might protect 
myocardial tissue in the occluded bed. 

Second, platelets also become trapped in ischemic 
regions.!9 Such platelet trapping, especially at the 
margins of infarcts, has been suggested as a reason for 
evolving necrosis in the marginal zone and has been 
shown to be reduced by administration of aspirin.?9 
Ibuprofen may act like aspirin and reduce platelet 
trapping in marginal zones. This effect may be due to 
the inhibition of platelet aggregation,9:?728 presumably 
through inhibition of thromboxane formation.?9.30 
Thromboxane Ag is a potent platelet aggregator and 
vasoconstrictor.2? When platelets aggregate, they se- 


crete certain granular constituents including coagula- 
tion factors, vasoconstrictors and other substances that 
promote further aggregation and thrombus forma- 
tion.?7?8 Platelet clumps may thus interfere with col- 
lateral development and function within the occluded 
bed, and initiate a vicious cycle of plug formation, 
vasoconstriction, thrombosis and more necrosis, espe- 
cially in marginal regions. 

Third, prostaglandins are known to be released dur- 
ing myocardial ischemia?'?? and nonsteroidal anti- 
inflammatory drugs inhibit their biosynthesis.?-$ 
However, these drugs differ in their degrees of inhibition 
of the various prostaglandins.*? Although some vaso- 
active prostaglandins would be expected to be beneficial 
in the acute ischemic setting, others appear to be det- 
rimental.?? 

Although ibuprofen may have inhibited the synthesis 
of vasodilator and vasoconstrictor prostaglandins by 
different degrees, we detected neither a favorable nor 
a harmful effect on collateral flow. Ibuprofen may have 
affected the synthesis of other vasoactive substances, 
such as prostacyclin,?4^9?^ kinins,°® angiotensin and 
thromboxanes???? so that, on balance, flow was main- 
tained. To complicate matters, there are problems re- 
lated to dose and effect. Thus, ibuprofen in small doses, 
within the range used in the therapy of arthritis in 
human subjects, is a weak inhibitor of prostaglandin 
synthesis?-$ and has been reported to suppress lysozyme 
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release and stabilize lysosomal membranes?? and (in- 
formation from Upjohn Co.) to prevent platelet aggre- 
gation by inhibiting thromboxane synthesis??? and to 
inhibit leukocyte migration. However, larger doses of 
ibuprofen have been reported to produce lysis of lyso- 
somes in vitro.2° The wide variety of actions of nonst- 
eroidal anti-inflammatory drugs may explain the dif- 
ferences in their ability to modify the cellular events of 
acute myocardial infarction. Further studies are 
therefore needed before the animal data can be ex- 
trapolated to man. 

Implications: We have shown that ibuprofen given 
after coronary occlusion in the conscious dog decreases 
infarct size. This effect is seen in both lateral and su- 
bepicardial regions of the occluded bed, and is uniform 
from the base to the apex of the left ventricle. Neither 
changes in myocardial oxygen demands nor changes in 
collateral flow appear to explain this effect. These re- 
sults suggest that protection of ischemic myocardium 
by ibuprofen is related to cellular effects associated with 
its anti-inflammatory and prostaglandin-inhibiting 
properties. 


Acknowledgment 


We are indebted to Patricia Shaw, Anthony DiPaula and 
Alexander Wright for technical assistance, to Joanna Walton 
for typing the manuscript and to Robert Burow for assistance 
with biostatistics. 


References 


1. Libby P, Maroko PR, Bloor CM, Sobel BE, Braunwald E. Reduction 
of experimental myocardial infarct size by corticosteroid admin- 
istration. J Clin Invest 1973;52:599-607. 

2. Ogletree ML, Lefer AM. Influence of non-steroidal anti-inflam- 
matory agents on myocardial ischemia in the cat. J Pharmacol Exp 
Ther 1976;197:582-93. 

3. Vane JR. Inhibition of prostaglandin synthesis as a mechanism of 
action for aspirin-like drugs. Nature [New Biol] 1971;231:232- 
5. 

4. Flower R, Gryglewski R, Herbaczynska-Cedro K, Vane JR. Effects 
of anti-inflammatory drugs on prostaglandin biosynthesis. Nature 
[New Biol] 1972;238:104-6. 

5. Ferreira SH, Vane JR. New aspects of the mode of action of 
nonsteroid anti-inflammatory drugs. Annu Rev Pharmacol 1974; 
14:57-73. 

6. Davies EF, Avery GS. Ibuprofen: a review of its pharmacological 
properties and therapeutic efficacy in rheumatic disorders. Drugs 
197 1;2:416-46. 

7. Maclean D, Fishbein MC, Blum RI, Braunwald E, Maroko PR. 
Long-term preservation of ischemic myocardium by ibuprofen after 
experimental coronary artery occlusion (abstr). Am J Cardiol 
1978;41:394. 

8. Ribeiro LGT, Yasuda T, Lowenstein E, Braunwald E, Maroko PR. 
Comparative effects on anatomic infarct size of verapamil, ibu- 
profen, and morphine-promethazine-chlorpromazine combination 
(abstr). Am J Cardiol 1979;43:396. 

9. Kirmser R, Berger JH, Cohen LS, Wolfson S. Effect of indom- 
ethacin, a prostaglandin inhibitor, on epicardial ST elevation and 
myocardial blood flow after coronary occlusion (abstr). Circulation 
1976;54:Suppl II:1I- 194. 

10. Jugdutt BI, Hutchins GM, Bulkley BH, Becker LC. Effect of in- 
domethacin on collateral blood flow and infarct size in the con- 
scious dog. Circulation 1979;59:734-43. 

11. Rudolph AM, Heymann MA. The circulation of the fetus in utero. 
Methods for studying distribution of blood flow, cardiac output and 


organ blood flow. Circ Res 1967;21:163—84. 

12. Schaper W. The Collateral Circulation of the Heart. Amsterdam: 
North Holland, 197 1: 5-18, 164-77. 

13. Jugdutt BI, Hutchins GM, Bulkley BH, Becker LC. Relation of 
collateral blood flow and regional risk to infarct size in the con- 
scious dog. Two dimensional maps of infarcts, regions at risk, and 
collateral blood flow. Circulation 1979;60:1141-50. 

14. Lowe JE, Reimer KA, Jennings RB. Experimental infarct size as 
a function of the amount of myocardium at risk. Am J Pathol 
1978;90:363-76. 

15. Hirzel HO, Sonnenblick EH, Kirk ES. Absence of a lateral border 
zone of intermediate creatine phosphokinase depletion surrounding 
a central infarct 24 hours after acute coronary occlusion in the dog. 
Circ Res 1977;41:673-83. 

16. White FC, Sanders M, Bloor CM. Regional redistribution of myo- 
cardial blood flow after coronary occlusion and reperfusion in the 
conscious dog. Am J Cardiol 1978;42:234—43. 

17. Jugdutt BI, Hutchins GM, Bulkley BH, Becker LC. The loss of ra- 
dioactive microspheres from necrotic myocardium. Circ Res 
1979;45:746-56. 

18. Capurro NL, Goldstein RE, Aamodt R, Smith HJ, Epstein SE. Loss 
of microspheres from ischemic canine cardiac tissue. An important 
technical limitation. Circ Res 1979;44:223- 7. 

19. Sommers HM, Jennings RB. Experimental acute myocardial in- 
farction: histologic and histochemical studies of early myocardial 
infarcts induced by temporary or permanent occlusion of a coro- 
nary artery. Lab Invest 1964;13:1491-503. 

20. Lewis DA. The actions of some non-steroidal drugs on lysosomes. 
J Pharm Pharmacol 1970;22:909- 12. 

21. Nakanishi M, Goto K. Inhibitory effects of anti-inflammatory drugs 
on enzyme release from rabbit polymorphonuclear leukocyte ly- 
sosomes. Biochem Pharmacol 1975;24:421-4. 

22. Smith RJ, Sabin C, Gilchrest H, Williams S. Effect of anti-in- 
flammatory drugs on lysosomes and lysosomal enzymes from rat 
liver. Biochem Pharmacol 1976;25:217 1-7. 


July 1980 The American Journal of CARDIOLOGY Volume 46  . 81 


MYOGARDIAL SALVAGE BY IBUPROFEN—JUGDUTT ET AL. 


23. 


24. 


25. 


26. 


2T. 


28. 


29. 


30. 


82 


Weissmann G, Hoffstein S, Kaplan H, Gennaro D, Hirsch J, Fox 
AC. Early lysosomal disruption in myocardial infarction and pro- 
tection by methylprednisolone (abstr). Clin Res 1975;23:383A. 
Lefer AM, Spath JA Jr. Preservation of myocardial integrity by a 
protease inhibitor during acute myocardial ischemia. Arch Int 
Pharmacodyn Ther 1974;211:225-6. 

Brown KA, Collins AJ. Action of non-steroidal, anti-inflammatory 
drugs on human and rat peripheral leukocyte migration in vitro. Ann 
Rheum Dis 1977;36:239-43. 

Ruf W, Leinberger H, McNamara JJ. Influence of aspirin on platelet 
trapping in myocardial infarct in baboons (abstr). Am J Cardiol 
1978;41:407. 

Packham MA, Mustard JF. Clinical pharmacology of platelets. 
Blood 1977;50:555-73. 

Majerus PW. “Why aspirin?’ Circulation 1976;54:357-9. 

Ellis EF, Oswald O, Roberts LJ Il, et al. Coronary arterial smooth 
muscle contraction by a substance released from platelets: evi- 
dence that it is thromboxane A». Science 1976; 193:1135-7. 
Needieman P, Kulkarni PS, Raz A. Coronary tone modulation: 


July 1980 The American Journal of CARDIOLOGY Volume 45 


31. 


32. 


33. 


34. 


35. 


36. 


formation and actions of prostaglandins, endoperoxides, and 
thromboxanes. Science 1977;195:409- 12. 

Block AJ, Feinberg H, Herbaczynska-Cedro K, Vane JR. An- 
oxia-induced release of prostaglandins in rabbit isolated heart. Circ 
Res 1975;36:34-42. 

Ogletree ML, Flynn JT, Feola M, Lefer AM. Early prostaglandin 
release from the ischemic myocardium in the dog. Surg Gynecol 
Obstet 1977;144:734—-40. 

Ogletree ML, Lefer AM. Prostaglandin-induced preservation of the 
ischemic myocardium. Circ Res 1978;42:218-24. 

Fitzpatrick TM, Alter A, Corey EJ, Ramwell PW, Rose JC, Kot PA. 
Cardiovascular responses to PGl» (prostacyclin) in the dog. Circ 
Res 1978;42:192-4. 

Needleman P, Kaley G. Cardiac and coronary prostaglandin syn- 
thesis and function. N Engl J Med 1978;298:1122-8. 
Needleman P, Key SL, Denny SE, Isakson PC, Marshall GR. 
Mechanism and modification of bradykinin-induced coronary 
vasodilation. Proc Nat Acad Sci USA 1975;72:2060-3. 


Coronary Steal-Induced Increase in Myocardial Infarct Size 
After Pharmacologic Coronary Vasodilation 


DAVID C. WARLTIER, PhD 
GARRETT J. GROSS, PhD 
HAROLD L. BROOKS, MD, FACC 


with the technical assistance of 
MARK G. ZYVOLOSKI 


Milwaukee, Wisconsin 


From the Departments of Medicine, Division of 
Cardiology and Pharmacology and Toxicology, The 
Medical College of Wisconsin, Milwaukee, Wis- 
consin. This study was supported by a grant from 
the Ralph Evinrude Foundation, Inc., Milwaukee, 
Wisconsin to the American Heart Association/ 
Wisconsin Affiliate, Milwaukee, Wisconsin and by 
Grant HL 25120 from the U. S. Public Health 
Service, Bethesda, Maryland. Manuscript received 
August 10, 1979; revised manuscript received 
December 19, 1979, accepted January 23, 
1980. 

Address for reprints: David C. Warltier, PhD, 
Department of Pharmacology and Toxicology, 
Medical College of Wisconsin, P.O. Box 26509, 
Milwaukee, Wisconsin 53226. 


This study was performed to determine if maximal coronary arterial 
vasodilation of nonischemic areas would produce an increase in myo- 
cardial infarct size through a “steal” of collateral flow from an ischemic 
region. Myocardial infarction was produced by a 2 hour occlusion and 
reperfusion of the distal left anterior descending coronary artery in 
anesthetized dogs. Five minutes after occlusion, 7 dogs were given saline 
solution, and in 12 dogs the coronary vasodilator chromonar (8 mg/kg, 
intravenously) was administered. Chromonar produced a significant in- 
crease (p «0.05) in blood flow to nonischemic regions and a concomitant 
decrease in flow to ischemic areas. Associated with these changes in flow 
was an elevation in total release and peak plasma creatine kinase com- 
pared with values in saline-treated control dogs. Myocardial infarct size 
determined with nitroblue tetrazolium staining was significantly increased 
(p <0.05). These data demonstrate that maximal coronary vasodilation 
of nonischemic areas can result in an extension of myocardial infarction 
by a steal of collateral flow away from the ischemic region. 


Acute coronary arterial occlusion results in irreversible injury to a 
population of myocardial cells that undergo necrosis at an early stage; 
however, the lesion is heterogeneous in that other ischemic cells are 
present that die only after more extended periods of occlusion. The 
ultimate fate of the area at risk for development of infarction is depen- 
dent on variables that influence myocardial oxygen supply and demand. 
This area maintains potential viability because of collateral blood flow.!-? 
Thus, factors that increase collateral flow within the ischemic zone 
should limit myocardial infarct size and, conversely, factors that decrease 
collateral perfusion should extend infarction.?? 

Several experimental studies*~’ have demonstrated that vasodilators 
may have adverse effects on collateral flow within an area distal to a 
complete or partial coronary occlusion. Vasodilators may reduce col- 
lateral flow to an ischemic region while producing a large increase in flow 
to nonischemic areas. The diversion of flow from ischemic to nonischemic 
tissue without a reduction of aortic blood pressure has been termed 
"coronary steal."7? The purpose of the present study was to determine 
if coronary steal could be a significant factor in the temporal evolution 
of infarction after acute coronary occlusion. Pharmacologic vasodilation 
in nonischemic myocardium was produced by intravenous administra- 
tion of chromonar (Intensain®). This drug produces maximal coronary 
vasodilatation without systemic hemodynamic changes.? Therefore, it 
was possible to study the effects of coronary vasodilatation independent 
of decreases in aortic blood pressure (due to reduced peripheral vascular 
resistance) that usually occur after intravenous administration of a va- 
sodilator drug. 
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Methods 


Experimental preparation: Adult male mongrel dogs 
were fasted for 24 hours, anesthetized with intravenously 
administered sodium pentobarbital (30 mg/kg body weight) 
and ventilated by a respirator (Harvard model 607) with room 
air at 10 to 15 breaths/min. Atelectasis was prevented by 
maintaining an expiratory pressure of 5 to 7 cm water with a 
trap. Arterial blood pH was maintained between 7.35 and 77.45 
by intravenous infusion of 1.5 percent sodium bicarbonate 
when necessary. Arterial blood pH and partial pressures of 
oxygen (Po,) and carbon dioxide, (Pco,) were monitored by 
means of a blood gas analyzer (Instrumentation Laboratories 
model 313). Body temperature was maintained at 37 + 1? C 
(mean + standard error of the mean) by means of a thermo- 
regulation unit with an electronic negative feedback circuit. 
Mean arterial blood pressure was recorded by a catheter in- 
serted into the right femoral artery, advanced to the thoracic 
aorta and attached to a strain gauge pressure transducer 
(Statham P23AC). The right femoral vein was catheterized 
for drug administration and venous blood sample collection. 
Left ventricular pressure was determined by means of a 
pressure transducer-tipped catheter (Millar PC380; 8F) 
passed through the left carotid artery into the left ventricle. 
Peak positive and negative values for first derivative of left 
ventricular pressure (dP/dt) were obtained by electronic 
differentiation of the ventricular pressure pulse. 

A left thoracotomy was performed at the fifth intercostal 
space, the lung gently retracted and the heart suspended in 
a pericardial cradle. One cm portions of both the proximal 
(after the atrial but before major ventricular branches) left 
circumflex coronary artery and left anterior descending cor- 
onary artery (at its distal third) were isolated and electro- 
magnetic flow probes (Statham 7515) positioned on each 
vessel. Phasic and mean flows in each coronary artery were 
recorded by use of separate flowmeters (Statham SP2202). 
Calibration curves for each probe were obtained in vitro by 
pump-perfused vascular segments. A micrometer-driven 
mechanical occluder!? was placed immediately distal to the 
left anterior descending coronary arterial flow probe to pro- 
duce total coronary occlusion. This device was also used to test 
the reactive hyperemic response of the distal vascular bed at 
selected intervals before and after the end of the total occlu- 
sion period. Polyethylene catheters were positioned in the left 
atrial appendage and left femoral artery for injection of ra- 
dioactive microspheres and sampling of arterial blood, re- 
spectively. Heparin (500 units/kg intravenously) was ad- 
ministered to each animal and anticoagulation maintained 
by supplemental infusion. The electrocardiogram (limb lead 
II) and all other variables were recorded on an eight channel 
recorder (Hewlett-Packard) and frequency-modulated 
magnetic tape recorder (Vetter). 

Myocardial blood flow: The distribution of coronary 
blood flow was determined with the radioactive microsphere 
technique.!! Carbonized plastic microspheres (3M Company) 
were 15 + 1.5 u (mean + standard error of the mean) in di- 
ameter and labeled with cerium-141, chromium-51, stron- 
tium-85 and scandium-46. Microspheres were obtained as 1 
mCi of nuclide in 5 ml of saline solution to which one drop of 
Tween-80® was added to minimize aggregation. The mixture 
was agitated before injection in a vortex mixer (Cole-Palmer 
4722) for 15 minutes. Approximately 2 to 3 X 106 spheres were 
injected into the left atrium as a bolus dose and flushed in with 

10 ml of warm saline solution (37? C). A few seconds before 
each microsphere injection, a time collection of reference flow 
from the femoral artery was started and maintained at a 
constant rate of 7 ml/min for 3 minutes. The total number of 
microspheres of each type injected was selected to provide a 
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final sphere density of at least 400 spheres/tissue sample of 
nonischemic myocardium.!? 

At the end of each experiment after using nitroblue tet- 
razolium stain, transmural tissue samples were selected from 
normal regions (four samples, area of distribution of the left 


circumflex coronary artery) and infarcted regions (three - 


samples, area of distribution of the distal third of the left 
anterior descending coronary artery; area not stained with 
nitroblue tetrazolium). These samples were subdivided into 
subepicardial (outer) and subendocardial (inner) layers of 


approximately equal thickness. The samples were weighed — 


and placed in scintillation vials, and the activity of each iso- 
tope was determined in duplicate at four energy windows in 
an autogamma spectrometer equipped with dual channel 
analyzer (Searle 1195). The tissue samples were approximately 
the same size (1 g) to reduce variation due to internal ab- 
sorption of gamma radiation. The activity of each isotope in 
the reference blood samples was also determined. True ac- 
tivity of each isotope was separated by a pre-programmed 
computer and tissue blood flow (ml/min per g) calculated from 
the equation Qm = Q, X Cm + C, where Q, = rate of with- 
drawal of reference blood flow (ml/min), C, = activity (counts 
per minute [cpm]) of the reference blood flow samples, and 
Cm = activity (cpm/g) of the myocardial tissue sample.!? Four 
determinations of regional myocardial blood flow were made 
in each experiment. Microspheres of different types were 
administered in a Latin square design. 

Quantification of myocardial infarct size: Morphologic 
changes in size, shape and transmural distribution of myo- 
cardial infarction were measured using a histochemical 
technique.!^ At the end of each experiment, the heart was 
rapidly extirpated and sectioned in transverse rings (0.5 cm 
thick) from apex to base. The tissue slices were rinsed in cold 
isotonic saline solution and incubated (37? C) for 15 to 20 
minutes in a phosphate-buffered solution of nitroblue tetra- 
zolium.!? Incubation with nitroblue tetrazolium results in an 
intense blue-staining reaction in the presence of dehydroge- 
nase enzymes in uninfarcted myocardium, whereas infarcted 
regions remained unstained. Thus, the infarct remains as a 
clearly delineated pale zone in each slice. The infarcted region 
was separated from normal areas, weighed and expressed as 
a percent of total left ventricular weight (left ventricular free 
wall and interventricular septum). 

Central venous blood samples were collected for determi- 
nation of total plasma creatine kinase activity immediately 
before coronary arterial ligation and at selected intervals 
thereafter each hour after occlusion and also at 30 minutes 
after reperfusion. To avoid loss of creatine kinase activity 
during plasma separation (7,000 revolutions per minute [rpm] 
for 10 minutes) and storage (—20° C), 25 um mercaptoethanol 
was added to each blood sample (6 ml) as it was collected.'® 
The creatine kinase activity was measured spectrophoto- 
metrically and expressed in international units (IU) per liter 
of plasma at 25° C using a temperature correction factor.!? All 
enzyme assays were performed in duplicate. Quantification 
of infarct size by serial total plasma creatine kinase determi- 
nations was done according to the method of Sobel and 
Shell.!8 

Experimental design: After surgery the preparation was 
allowed to stabilize for 30 minutes. Control variables were 
measured and the left anterior descending coronary artery was 
completely occluded for a period of 2 hours. Five minutes after 
occlusion and immediately before reperfusion, radioactive 
microspheres were injected. Five minutes and 5 hours after 
the start of the reperfusion period microspheres were again 
injected. After injection of the fourth microsphere type, the 
animals were killed (7 hours after initiation of occlusion; 5 
hours after start of reperfusion). Two groups of experiments 


, 
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were completed: in Group I (control experiments) drug vehicle 
(10 ml saline solution) was administered intravenously, while 
in Group II chromonar (8 mg/kg) was given intravenously. 
Both saline and chromonar were injected as a bolus dose 10 
minutes, after coronary occlusion. Animals were randomly 
assigned to each group by an unbiased technician, who ad- 
ministered either saline or chromonar without the knowledge 
of the experimenter. The random assignment of dogs and li- 
gation of the coronary artery at the same anatomic site en- 
sured that the ischemic bed was approximately the same size 
in each group. 

Statistical analysis: Data obtained were analyzed by group 
t tests, chi square, linear regression and analysis of variance. 
Changes in variables were considered significant when (p) was 
at a probability level of «0.05. 


Results 


Experimental groups: Only dogs surviving 2 hours 
of coronary occlusion and 5 hours of subsequent re- 
perfusion were used in data analysis. A total of 12 suc- 
cessful experiments were completed. In control exper- 
iments (Group I, n = 7), 1 dog (14.3 percent) died after 
coronary occlusion. In chromonar-treated animals 
(Group II, n = 12), 6 dogs (50 percent) died after oc- 


I | ! | | 
140 | | | | | 
| | | | | 
140 | : | | | 
. i 
MAP x | 
i L] 
| | | | | 
| | | | | 
20 | | | | | 
LVEDP — io | a Je 
(mmHg) à Y^" $ | $ 
0 ' | | | ; 
| l ) | ! 
+2500 E- 5 " i a* 
dp/dt 0 ! | | : 
(mm Hg/sec) - | E F 
-2500 i 
| | | | 
CBF 100 | | i | 
(ml/min) | 
i. OT Ep o ae 
60 | | | | | 
LAD | 
CBF 30 | : Hj 
(ml/min) i i ' 
0 | : I 
! | 
l | | | l 
5 2 5 5 
min hr min hr 
Saline C10 ml 2 


FIGURE 1. Group | (six control experiments): summary of hemodynamic 
data. Responses, shown as mean values + standard error of the mean, 
of heart rate (HR), mean aortic blood pressure (MAP), left ventricular 
end-diastolic pressure (LVEDP), first derivative of left ventricular 
pressure (dP/dt) and left circumflex (LC) and left anterior descending 
(LAD) coronary arterial blood flow (CBF) to 2 hours of occlusion and 5 
hours of reperfusion of the left anterior descending coronary artery. Drug 
vehicle (10 ml saline solution) was injected intravenously at the time 
shown (arrow). Asterisks indicate values significantly different (p <0.05) 
from values before administration of saline solution. bpm — beats per 
minute. 
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clusion and maximal coronary arterial vasodilation 
(within 10 minutes after administration of chromonar). 
There was no significant difference in mortality between 
groups by chi square analysis. The final control and 
chromonar-treated groups each comprised six dogs. 

Hemodynamic data: Hemodynamic data for control 
(Group I) and chromonar (Group II) experiments are 
summarized in Figures 1 and 2, respectively. Similar 
hemodynamic alterations in both groups were produced 
by coronary occlusion: slight increase in heart rate and 
left ventricular end diastolic pressure and decrease in 
mean aortic blood pressure and dP/dt. No significant 
differences between groups (by analysis of variance and 
group t test at each of the five temporal data collection 
times) were apparent other than a large increase in left 
circumflex coronary blood flow produced by chromonar. 
Coronary blood flow remained significantly elevated (p 
<0.05) during the 2 hour occlusion period in Group 
II. 

Regional myocardial blood flow: In control ex- 
periments (Group I), transmural myocardial blood flow 
in ischemic regions (left anterior descending coronary 
area) was found to be severely reduced from normal (left 
circumflex coronary area) regions (Fig. 3). In nonisch- 
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FIGURE 2. Group Il (six coronary steal-chromonar experiments): 
summary of hemodynamic data. Responses, shown as mean values 
+ standard error of the mean, of various hemodynamic variables to 2 
hours of occlusion of the left anterior descending coronary artery and 
maximal coronary arterial vasodiiatation and 5 hours of reperfusion. 
Chromonar (8.0 mg/kg) was injected intravenously at the time shown 
(arrow). Asterisks indicate values significantly different (p <0.05) from 
values before injection of chromonar. Abbreviations as in Figure 1. 
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CONTROL 


CHROMONAR 


OCCLUSION 


emic regions, subendocardial perfusion exceeded flow 
to subepicardium (Table I), but transmural flow gra- 
dients were reversed in the ischemic regions. No sig- 
nificant change in perfusion of normal or ischemic areas 
occurred over the occlusion period of 2 hours in control 
experiments. 

In chromonar-treated animals (Group II), drug 
administration produced a 4.5-fold increase in perfusion 
of nonischemic regions. During maximal vasodilation 
of normal areas, there was a concomitant reduction in 
transmural collateral blood flow to the ischemic area 
(from 0.42 + 0.07 to 0.24 + 0.06 ml/min per g; p «0.05). 
This value (0.24 + 0.06 ml/min per g) was also signifi- 
cantly reduced from control experiments at the ap- 
propriate interval (0.37 + 0.07 ml/min per g). Tissue 
flow was decreased in subepicardial and subendocardial 
regions (Table II). By group comparison, flow in the 
ischemic region before administration of chromonar was 
not significantly different from control experiments; 
however, flow in subepicardium and subendocardium 
was significantly reduced after chromonar infusion. 

Five minutes after the start of reperfusion in control 
and chromonar-treated animals, transmural blood flow 
was significantly increased within the ischemic region 
(Fig. 3). The majority of flow was preferentially dis- 
tributed to the subendocardium (Table I). Also, in both 


TABLE | 





FIGURE 3. Mean values + standard 
error of the mean of transmural 
myocardial blood flow (ml/min per 
g) in ischemic (LAD) and normal 
(LCF) areas in Group | (control) and 
Group II (coronary stea-chromonar) 
experiments. Asterisks indicate 
values significantly decreased (p 
<0.05) from respective preceding 
value. Arrow indicates ''steal" of 
collateral blood flow away from the 


REPERFUSION ischemic area. 


groups of experiments despite a patent distal left an- 
terior descending coronary artery, regional myocardial 
blood flow fell to low levels 5 hours after the start of 
reperfusion (Fig. 3). This was associated with a reversal 
of normal transmural perfusion gradients (Tables I and 
IT). 

Myocardial infarct size data: In control experi- 
ments (Group I), total plasma creatine kinase activity 
increased slightly during the 2 hour occlusion period; 
however, 30 minutes after the start of reperfusion there 
was a significant and rapid rise in creatine kinase. Peak 
plasma levels were obtained 4 hours after release of 
occlusion. In chromonar-treated dogs (Group II), cre- 
atine kinase release followed a similar time course, but 
total release of creatine kinase from the myocardium 
was significantly (p <0.0001) greater (Fig. 4). Plasma 
creatine kinase in sham-operated dogs (without coro- 
nary occlusion; n = 4) averaged 250 IU/liter 8 hours 
after operation. Furthermore, chromonar did not pro- 
duce an elevation in plasma creatine kinase in dogs 
without infarction. Infarct size measured histochemi- 
cally with the nitroblue tetrazolium technique indicated 
that in control experiments 7.2 + 2.4 percent of the left 
ventricle was infarcted and infarction was limited pri- 
marily to subendocardial regions. In chromonar-treated 
dogs (Group II), the extent of infarction was signifi- 


Regional Myocardial Blood Flow (ml/min per g) in Six Contro! Dogs (Group I) 
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* Significantly different (probability [p] <0.05) from respective value at 


Values are expressed as mean + standard error of the mean. 
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5 minutes of occlusion. 
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FIGURE 4. Serial changes in plasma creatine kinase (CPK) in Group 
| (control experiments [solid circles and unbroken line ]) and Group II 
(coronary steal-chromonar experiments [open circles and broken 
line]). Brackets indicate 95 percent confidence intervals. Asterisks 
indicate values significantly different (p <0.05) from values in control 
experiments at the respective time indicated on the abscissa. 


cantly (p <0.05) greater (14.0 + 2.3 percent of the left 
ventricle) (Table III). In these experiments, infarction 
was again more severe in subendocardium, but usually 
extended transmurally to involve subepicardial regions 
as well. Calculation of infarct size from serial plasma 
creatine kinase data was linearly correlated (linear re- 
gression equation: y = 3.71x + 3.15; r? = 0.94; p <0.001) 
with the nitroblue tetrazolium technique; however, the 
creatine kinase method consistently overestimated in- 
farct size (slope = 3.71, Fig. 5). 


Discussion 


After acute coronary arterial occlusion, regional 
myocardial perfusion of the ischemic region is abruptly 
reduced; however, existing collateral flow to this area 
is capable of supporting at least some of the jeopardized 
myocardium for several hours. There is some remaining 
myocardium within the area at risk for development of 
infarction that retains integrity after the final pro- 
gression of irreversible injury has occurred; that is, the 
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FIGURE 5. Correlation between left ventricular (LV) infarct size cal- 
culated from plasma creatine kinase (CPK) activity and infarct size 
histochemically determined with use of nitroblue tetrazolium (NBT) stain. 
Closed circles represent data collected from individual experiments 
in Groups | and Il. Shaded area indicates 95 percent confidence interval. 
A significant (p <0.001) correlation (r? = 0.94) was found. 


ultimate infarct size is always less than the area at risk.!9 
An important determinant of the viability of the isch- 
emic but noninfarcted area is the level of oxygen sup- 
plied by collateral perfusion within this region. Our 
investigation tested the hypothesis that an acute re- 
duction of this collateral flow during a period of coro- 
nary occlusion can lead to an increase in myocardial 
infarct size. Our results showed that the coronary va- 
sodilator drug chromonar increased the extent of 
myocardial infarction. This increase was associated with 
a decrease in collateral flow to the ischemic region 
during maximal coronary arterial vasodilatation of 
adjacent nonischemic areas. No significant differences 
in other primary determinants of oxygen demand or 
supply were observed between groups. These results 
indicate that coronary steal can result in an increase in 
infarct size by diversion of collateral flow away from an 
area distal to a complete coronary artery occlusion. 
Coronary vasodilatation and coronary steal: Al- 
though several studies??-?? have shown that coronary 


Regional Myocardial Blood Flow (ml/min per g) in Six Chromonar-Treated Dogs (Group II) 


Occlusion Period 





Reperfusion Period 





Area 5 Minutes * 2 Hours 5 Minutes 5 Hours 
Normal 
Endocardial 1.14 + 0.11 4.73 + 0.62! 4.10 + 0.33! 0.82 + 0.147 
Epicardial 0.99 + 0.09 6.29 + 0.74! 6.27 + 0.66! 0.69 + 0.11! 
Infarcted 
Endocardial 0.27 + 0.05 0.09 + 0.04! 2.22 + 0.49! 0.32 + 0.10 
Epicardial 0.57 +£ 0.11 0.35 + 0.05! 1.34 + 0.12! 0.60 + 0.11 


* Chromonar (8 mg/kg, intravenously) was administered immediately after the 5 minute control period. 
t Significantly different (p <0.05) from respective value at 5 minutes of occlusion. 


Values are expressed as mean + standard error of the mean. 
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TABLE lll 
Myocardial Infarct Size Data 
Group Il 
Group ! (chromonar- 
(control) treated) 
(n — 6) (n = 6) 
Left ventricular weight (g) 111+ 9.6 103 + 4.6 
Infarct size (g) by NBT 7.8 X 1.6 13.9 + 2.2" 
% left ventricle infarcted 7.2+2.4 14.0 + 2.3* 


* Significantly (p <0.05) different from control values. 
Values are expressed as mean + standard error of the mean. 
NBT = nitroblue tetrazolium. 


vasodilators are capable of increasing collateral perfu- 
sion, other investigations*®”,24-?6 have demonstrated 
that vasodilators may actually decrease flow to the 
ischemic area by increasing flow to nonischemic regions, 
a process known as coronary steal.? Agents such as ni- 
troglycerin, which act on proximal conduction vessels, 
are thought to be beneficial, whereas agents such as 
dipyridamole, which affect distal resistance arterioles, 
are considered deleterious.” In contrast, a constriction 
of resistance vessels produced by methoxamine was 
found by Chiariello et al.?8 to increase coronary collat- 
eral flow during constant aortic pressure, a process re- 
ferred to as “reverse coronary steal." Theoretically, a 
vasodilator can decrease collateral perfusion by re- 
ducing aortic diastolic blood pressure through a de- 
crease in peripheral vascular resistance, or by selectively 
dilating resistance vessels in nonischemic areas distal 
to a coronary stenosis. In the latter case, because the 
vessels within the ischemic zone are already maximally 
expanded, they are incapable of further dilation. A de- 
crease in arteriolar resistance within the nonischemic 
region (region of origin of collateral flow) would divert 
flow away from the area distal to a coronary occlusion. 
Becker^ described the conditions under which a steal 
of collateral flow could occur. Coronary steal requires 
an arteriolar-type dilator, such as adenosine or dipy- 
ridamole, and a stenosis of the artery supplying collat- 
eral flow to the ischemic region. Under such circum- 
stances even if aortic pressure is maintained arteriolar 
dilation will produce a decrease in pressure across the 
stenosis. The driving pressure for collateral flow is no 
longer directly related to aortic pressure but instead 
related to distal coronary arterial pressure. 

A variety of vasodilator drugs (adenosine and iso- 
proterenol,?6 nitroprusside,?? minoxidil,?? dipyridam- 
ole^53! and chromonar??!) have been described as ca- 
pable of producing coronary steal. An important factor 
in assessment of this action is strict control of arterial 
blood pressure. In the present study, chromonar was 
selected to produce coronary vasodilatation. Although 
chromonar had little effect on peripheral vascular re- 
sistance and aortic blood pressure, it produced maximal 
coronary artery vasodilation, affecting primarily coro- 
nary resistance vessels.2’ This enabled separation of the 
effects of the vasodilator drug on diastolic aortic blood 
pressure versus a selective dilation of nonischemic 
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coronary vasculature. Maximal coronary arterial vaso- 
dilatation of normal areas was demonstrated in our 
study by abolition of the reactive hyperemic response 
after a 10 second coronary occlusion. During maximal 
vasodilatation, a decrease in perfusion within the 
ischemic region was observed without a significant 
change in aortic blood pressure. In contrast to the study 
of Becker, this occurred in the absence of stenosis of 
the primary coronary artery supplying collateral flow. 

Maximal versus submaximal coronary vasodi- 
latation: Previous studies and the present one differ in 
the efficacy of the vasodilator used. With minimal 
vasodilatation a relatively severe stenosis of the left 
circumflex coronary artery would be required to pro- 
duce a decrease in distal coronary pressure and collat- 
eral blood flow. In contrast, when vasodilatation is 
marked, a mild stenosis would probably suffice to pro- 
duce coronary steal.4 The present study demonstrates 
the occurrence of steal during maximal vasodilatation 
in the absence of coronary stenosis. Wichmann et al.5?! 
demonstrated that collateral perfusion pressure is de- 
pendent not solely on aortic pressure, but also on the 
flow rate in the corresponding large coronary vessels. 
In these studies with maintenance of aortic pressure, 
maximal pharmacological dilatation induced by dipy- 
ridamole and chromonar produced steal without a ste- 
nosis of the primary vessel supplying collateral chan- 
nels. In comparison, submaximal vasodilating doses of 
chromonar have been shown by Flameng et al.?? to not 
result in coronary steal unless additional stress (pacing, 
for example) is applied to the heart. Although there was 
no apparent stenosis of the left circumflex coronary 
artery in our study, at very high flow rates during 
maximal vasodilatation there may nevertheless be a 
decrease in pressure over the length of the large coro- 
nary vessels (proximal to the origin of the collateral 
circulation). Unfortunately, distal coronary pressure 
was not measured in our study, but the work of Wich- 
mann et al.5?! demonstrates that this phenomenon is 
readily attainable. 

Limitations of plasma creatine kinase levels in 
estimating infarct size: Myocardial infarction was 
produced in our study by a 2 hour occlusion and 5 hour 
reperfusion of the distal left anterior descending coro- 
nary artery. This investigation and others***? demon- 
strated a positive correlation between estimates of in- 
farct size from serial changes in plasma creatine kinase 
and that determined with nitroblue tetrazolium stain. 
However, in our study infarct size was consistently 
overestimated by creatine kinase analysis (slope of 3.71). 
In an earlier study,?? using a complete occlusion model 
without reperfusion, this relation was linearly correlated 
with a slope near 1. Furthermore, the peak plasma cre- 
atine kinase in the present study occurred much earlier 
(4 hours) after occlusion and reperfusion than in pre- 
vious work??4 in which occlusion (no reperfusion) was 
maintained. Other investigators?? found that reperfu- 
sion did not interfere with calculation of infarct size; 
however, our present results are in agreement with those 
of Vatner et al.,34 who found that reperfusion led to an 
increased amount of creatine kinase in the blood per 


gram of infarct or per unit of creatine kinase depleted 
from myocardium. Thus, calculation of infarct size from 
appearance of creatine kinase in blood can lead to 
spurious results. However, the present study does 
demonstrate a significant elevation in total creatine 
kinase release and peak plasma creatine kinase during 
administration of chromonar as compared with control 
experiments. Qualitatively, this is indicative of a greater 
(twofold) extent of infarction in the drug-treated 
group. 

Subendocardial versus subepicardial steal phe- 
nomenon: Infarction was a subendocardial phenome- 
non in control experiments but in most cases it became 
transmural after maximal coronary vasodilatation. 
Nevertheless, infarction was also increased within the 
subendocardium after administration of chromonar. 
'The extension of infarction in subepicardial and sub- 
endocardial layers was associated with a reduction in 
collateral flow to both areas. A steal of subendocardial 
flow was an unexpected finding. Previous work* dem- 
onstrated steal to affect primarily the subepicardium. 
Also, other studies?9 showed that there is a progression 
of cell death during ischemia such that necrosis initially 
takes place within the subendocardium and proceeds 
in a wavefront to involve the subepicardium. Pharma- 
cologic salvage takes place primarily in the subepicar- 
dium.?? The present study reveals that subendocardial 
infarction is not maximal after 2 hours of occlusion and 
5 hours of reperfusion, but can be significantly increased 
by a reduction of collateral flow. These results strongly 
suggest that maximal coronary arterial vasodilatation 
increased myocardial infarct size through a steal of 
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collateral flow from the ischemic region. However, it is 
possible that chromonar had a direct action on ischemic 
myocardium or increased global myocardial oxygen 
consumption to exacerbate infarction. Neither possi- 
bility was addressed in this study; however, major he- 
modynamic determinants of oxygen utilization were not 
significantly different in control and chromonar-treated 
dogs. 

Clinical implications: Vasodilators have generally 
not been used to treat myocardial infarction for several 
reasons. Although these agents are capable of reducing 
afterload and thus myocardial oxygen consumption, 
concomitant reflex increases in heart rate are believed 
to intensify ischemic injury.?? Furthermore, a decrease 
in diastolic aortic blood pressure may reduce coronary 
collateral flow to an ischemic region. Our results dem- 
onstrate that coronary arteriolar vasodilatation during 
acute myocardial ischemia can result in an increase in 
infarct size despite a constant aortic blood pressure. The 
specificity of chromonar for the coronary vasculature 
is unusual among arteriolar dilators, but these results 
may be comparable with those achieved with other va- 
sodilators used in combination with an alpha adrenergic 
agonist such as phenylephrine or methoxamine to 
maintain systemic pressure. In the present investiga- 
tion, chromonar was used in a dose to produce maximal 
coronary vasodilatation. When vasodilators are used as 
unloading agents in clinical myocardial infarction the 
dose is usually smaller; however, if multivessel coronary 
disease is present doses much smaller than those used 
in our study may produce a coronary steal and a sub- 
sequent increase in infarct size. 


References 


1. Flameng W, Schwarz F, Schaper W. Coronary collaterals in the 
canine heart: development and functional significance. Am Heart 
J 1979;97:70-7. 

2. Maroko PR, Braunwald E. V. Assessment of interventions designed 
to reduce myocardial ischemic damage. Effects of metabolic and 
pharmacologic interventions on myocardial infarct size following 
coronary occlusion. Circulation 1976;53: Suppl I: |- 162-8. 

3. Heng MK, Corday E, Meerbaum S, Wyatt HL. Salvaging the 
ischemic myocardium: promises and limitations. Cardiovasc Med 
1978;3:1017-24. 

4. Becker LC. Conditions for vasodilator-induced coronary steal in 
experimental myocardial ischemia. Circulation 1978;57:1103- 
10. 

5. Wichmann J, Loser R, Diemer HP, Lochner W. Pharmacological 
alterations of coronary collateral circulation; implication to the 
steal-phenomenon. Pflugers Arch 1978;373:219-24. 

6. Flameng W, Wusten B, Schaper W. On the distribution of myo- 
cardial flow. Part Il: effects of arterial stenosis and vasodilatation. 
Basic Res Cardiol 1974;69:435-46. 

7. Shaper W, Lewi P, Flameng W, Gijpen L. Myocardial steal pro- 
duced by coronary vasodilation in chronic coronary artery occlu- 
sion. Basic Res Cardiol 1973;68:3-20. 

8. Sharma GVRK, Kumar R, Molokhia F, Messer JV. "Coronary 
steal": regional myocardial blood flow studies during isoproterenol 
infusion in acute and healing myocardial infarction (abstr.). Clin 
Res 1971;19:339. 

9. Nitz RE, Potzsch E. 3-(Diathylamino-athy!)-4-methy!-7-carbath- 
oxy-methoxy-2-oxo-( 1,2-chromen), ein Präparat mit spezifischer 
und lang anhaltender coronargefaberweiternder Wirkung. 
Arzneimittel-Forsch 1963; 13:243-68. 

10. Hosko MJ, Gross GJ, Warltier DC. Technique for precise, graded 


arterial stenosis and occlusion. Basic Res Cardiol 1977;72: 
651-9. 

11. Domenech RJ, Hoffmann JIE, Noble MIM, Saunders KB, Henson 
JR, Subijanto S. Total and regional coronary blood flow measured 
by radioactive microspheres in conscious and anesthetized dogs. 
Circ Res 1969;25:58 1-96. 

12. Buckberg GD, Luck JC, Payne DB, Hoffman JIE, Archie JP, Fixler 
DE. Some sources of error in measuring regional blood flow with 
radioactive microspheres. J Appl Physiol 197 1;31:598-604. 

13. Buckberg GD, Fixler DE, Archie JP, Hoffman JIE. Experimental 
subendocardial ischemia in dogs with normal coronary arteries. 
Circ Res 1972;30:67-81. 

14. Nachlas MM, Shnitka TK. Macroscopic identification of early 
myocardial infarct by alterations in dehydrogenase activity. Am 
J Pathol 1963;42:379-405. 

15. Shatney CH, Maccarter DJ, Lillehei RC. Effects of allopurinol, 
propranolol and methylprednisolone on infarct size in experimental 
myocardial infarction. Am J Cardiol 1976;37:572-80. 

16. Roberts R, Henry PD, Witteeveen SA, Sobel BE. Quantification 
of serum creatine phosphokinase isoenzyme activity. Am J Cardiol 
1974;33:650-4. 

17. Rosalki SB. An improved procedure for serum creatine phos- 
phokinase determination. J Lab Clin Med 1967;69:696-705. 

18. Sobel BE, Shell WE. Diagnostic and prognostic value of serum 
enzyme changes in patients with acute myocardial infarction. Prog 
Cardiol 1975;4: 165-98. 

19. Schaper, W, Frenzel H, Hort W, Winkler B. Experimental coronary 
artery occlusion. Il. Spatial and temporal evolution of infarcts in 
the dog heart. Basic Res Cardiol 1979;74:233-9. 

20. Capurro NL, Kent KM, Epstein SE. Comparison of nitroglycerin-, 
nitroprusside-, and phentolamine-induced changes in coronary 


July 1980 The American Journal of CARDIOLOGY Volume 46 89 





"1 r , r 


CORONARY STEAL AND INFARCT SIZE—WARLTIER ET AL. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


collateral function in dogs. J Clin Invest 1977;60:295-301. 
Becker LC. Effect of nitroglycerin and dipyridamole on regional 
left ventricular blood flow during coronary artery occlusion. J Clin 
Invest 1976;58: 1287-96. 

Capurro NL, Kent KM, Smith HJ, Aamodt R, Epstein SE. Acute 
coronary occlusion: prolonged increase in collateral flow following 
brief administration of nitroglycerin and methoxamine. Am J Cardiol 
1977;39:679-83. 

Flameng W, Schaper W, Lewi P. Multiple experimental coronary 
occlusion without infarction. Am Heart J 1973;85:767-76. 

Fam WM, McGregor M. Effect of coronary vasodilator drugs on 
retrograde flow in areas of chronic myocardial ischemia. Circ Res 
1964; 15:355-65. 

Wilcken DEL, Paoloni HJ, Elkens E. Evidence for intravenous 
dipyridamole (Persantin) producing a “coronary steal” effect in 
the ischemic myocardium. Aust NZ J Med 197 1;1:8- 14. 

Cohen MV, Sonnenblick EH, Kirk ES. Coronary steal: its role in 
detrimental effect of isoproterenol after acute coronary occlusion 
in dogs. Am J Cardiol 1976;38:880-8. 

Winbury MM, Howe BB, Hefner MA. Effect of nitrates and other 
coronary dilators on large and small coronary vessels: a hypothesis 
for the mechanism of action of nitrates. J Pharmacol Exp Ther 
1969;168:70-95. 

Chiariello M, Ribeiro LGT, Davis MA, Maroko PR. “Reverse cor- 
onary steal" induced by coronary vasoconstriction following cor- 
onary artery occlusion in dogs. Circulation 1977;56:809- 15. 
Chiariello M, Gold HK, Leinbach RC, Davis MA, Maroko PR. 
Comparison between the effects of nitroprusside and nitroglycerin 
on ischemic injury during acute myocardial infarction. Circulation 
1976;54:766-73. 


July 1980 The American Journal of CARDIOLOGY Volume 46 


31. 


32. 


33. 


35. 


36. 


37. 


38. 


. Radvany P, Davis MA, Muller JE, Maroko PR. Effects of minoxidil 


on coronary collateral flow and acute myocardia! injury following 
experimental coronary artery occlusion. Cardiovasc Res 1978; 
12:120-6. 

Wichmann J, Lochner W, Loser R, Diemer HP. The pressure- 
resistance relationships of regional resistances within tne coronary 
circulation and the steal phenomenon. Basic Res Cardiol 1978; 
73:607-17. 

Bleifeld W, Mathey D, Hanrath P, Boss H, Effert S. Infarct size 
estimated from serial serum creatine phosphokinase in relation 
to left ventricular hemodynamics. Circulation 1977;55:303- 11. 
Jesmok GJ, Warltier DC, Gross GJ, Hardman HF. Effect of pro- 
pranolol on enzymatic and histochemical estimates of infarct size 
in experimental myocardial infarction. Basic Res Cardiol 1978; 
73:559-70. 


. Vatner SF, Baig H, Manders WT, Maroko PR. Effects of coronary 


artery reperfusion on myocardial infarct size calculated from 
creatine kinase. J Clin Invest 1978:61:1048—56. 

Bresnahan GF, Roberts R, Shell WE, Ross J, Sobel BE. Delete- 
rious effects due to hemorrhage after myocardial reperfusion. Am 
J Cardiol 1974;33:82-6. 

Reimer KA, Lowe JE, Rasmussen MM, Jennings RB. The wave- 
front phenomenon of ischemic cell death. Myocardial infarct size 
vs duration of coronary occlusion in dogs. Circulation 1977;56: 
786-93. 

Rasmussen MM, Reimer KA, Kloner RA, Jennings RE. Infarct size 
reduction by propranolol before and after coronary ligation in dogs. 
Circulation 1977;56:794-8. 

Hillis LD, Braunwald E. Myocardial ischemia. N Engl J Med 
1977;296:97 1-8, 1034-41, 1093-6. 


FOR 
ANGINA PECTORIS 


IT HAPPENS ONLY ONCE: 


E.R. SQUIBB & SONS, INC., INTRODUCES 


m 
SQUIBB See last page of this advertisement for brief summary of prescribing informatio 





FOR 
ANGINA PECTORIS 


CORGARD [nadolol tablets) 
THE FIRST BETA-BLOCKER WITH 
ONCE-A-DAY DOSAGE 


SQUIBB 





CORGARD EFFICACY 
MAKES SENSE 


Corgard lets the angina patient do 
more. Corgard, once a day, decreased the 
frequency of anginal attacks, improved 
exercise tolerance, and reduced nitro- 
! glycerin usage as effectively as propran- 
olol given four times a day.’ 
Corgard, once a day, decreased the frequency of 


anginal attacks’ Mean decrease” 


vicine pen aday (115 — — CORGARD CARDIO- 
propranolol, q.i.d. (72 patients) —62% DYNAMIC EFFECTS 
MAKE SENSE 


Corgard generally decreases myo- 
cardial oxygen demand. Corgard 
blocks catecholamine influence on 
myocardial work, generally decreasing 
oxygen demand, But unlike propran- 
olol, Corgard has little direct myocardial 
depressant activity. 


Corgard, once a day, in the same study, decreased 


nitroglycerin usage’ 
ey & Mean decrease” 


CORGARD, once a day (103 patients) —5896 For a discussion of Contraindica 


propranolol, q.i.d. (68 patients) —6396 tions, Precautions, Adverse Reactions, 
and Warnings, including avoidance of 


abrupt withdrawal, see brief summary 
of prescribing information on next 
page of this advertisement. 


CORGARD 
CONVENIENCE 
Corgard, once a day, also in the same study, MAKES SENSE 


increased exercise tolerance’ Mean increase” 


Corgard, once a day, offers 24- 

oe LU) - , , 
CORGARD, wes a day (147 patients) 25 20 hour protection from anginal pain. 
propranolol, q.i.d. (107 patients) 4» 3096 Corgard offers your patient the sim- 


epa ine ^ indios rund. M plest regimen available today —once-a- 
n the data presented above, dosages were individually titrated. Maintenance av age i " uc ith. 
dosages for both Corgard and propranolol ranged from 40-240 mg daily. day dosage that can be taken with 
Response rates reported were after 14 weeks of therapy. out regard to meals, 


THE COMMON-SENSE BETA-BLOCKER 


v 


Please see brief summary of prescribing information on next page of this advertisement. 












CORGARD® TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic 
receptor blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater 
than first degree conduction block, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 

WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital 
component supporting circulatory function in congestive heart failure, and its 
inhibition by beta-blockade may precipitate more severe failure. Although 
beta-blockers should be avoidec in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, 
continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give 
Pania, and closely observe response, or discontinue nadolol (gradually if 
possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, 
myocardial infarction have occurred after abrupt discontinuation of such 
therapy. When discontinuing chronic use of nadolol, particularly in patients 
with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at 
least temporarily) and take other measures appropriate for management of 
unstable angina if angina markedly worsens or acute coronary insufficiency 
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Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA-BLOCKERS. Administer nadolol with caution since it 
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Major Surgery — Because beta blockade impairs the ability of the heart to 
respond to reflex stimuli and may increase risks of general anesthesia and 
surgical procedures, resulting in protracted hypotension or low cardiac out- 
put, it has generally been suggested that such therapy should be withdrawn 
several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterenol, dopamine, dobutamine, or levartere- 
nol can reverse the effects of nadolol. Difficulty in restarting and maintaining 
the heart beat has also been reported with beta-adrenergic receptor blocking 
agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the 
appearance of premonitory signs and symptoms (e.g., tachycardia and blood 
ressure changes) of acute hypoglycemia. This is especially important with 

labile diabetics. Beta-blockade also reduces release of insulin in response to 
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"Tyreke — Beta-adrenergic blockade may mask certain clinical signs 
(e.g., tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta- 
adrenergic blockade which might precipitate a thyroid storm, carefully 
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ADMINISTRATION section of package insert). 
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have an additive effect when given with beta-blocking agents. When treating 
patients with nadolol plus a catecholamine-depleting agent, carefully observe 
for evidence of hypotension and/or excessive bradycardia which may produce 
vertigo, syncope, or postura! hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to2 years’ oral 
toxicologic studies in mice, rats, and dogs, nadolol did not produce significant 
toxic effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did 
not produce neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of 
embryo- and fetotoxicity was found in rabbits (but not in rats or hamsters) at 
doses 5 to 10 times greater (on a mg/kg basis) than maximum indicated human 
dose; no teratogenic potential was seen in any of these species. There are no 
well-controlled studies in pregnant women; therefore, use nadolol in pregnant 
women only if potential benefit justifies potertial risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk, exercise caution when 
nadolol is administered to a nursing woman. Animal studies showed that 
nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient 
and have rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per 
minute occurs commonly, and heart rates below 40 beats per minute and/or 
symptomatic bradycardia were seen in about 2 of 100 patients. Symptoms of 
peripheral vascular insufficiency, usually of the Raynaud type, have occurred 
in approximately 2 of 100 patients. Cardiac failure, hypotension, and 
rhythm/conduction disturbances have each occurred in about 1 of 100 pa- 
tients. Single instances of first degree and third degree heart block have been 
reported; intensification of AV block is a known effect of beta-blockers (see 
also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). 
Central Nervous System — Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in 
approximately 6 of 1000 patients. 

Respiratory — Bronchospasm reported in approximately 1 of 1000 patients 
(see CONTRAINDICATIONS and WARNINGS). Gastrointestinal — 
Nausea, diarrhea, abdominal discomfort, constipation, vomiting, indigestion, 
anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 patients. 
Miscellaneous — Each of the following reported in 1 to 5 of 1000 patients: 
rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased 
libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not 
clear, sleep disturbances have been reported. The oculomucocutaneous syn- 
drome associated with practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with 
other beta-adrenergic blocking agents have not been reported with nadolol, 
they should be considered potential adverse effects of nadolol. Central Ner- 
vous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by 
disorientation for time and place; short-term memory loss, emotional lability 
with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic 
colitis. Hematologic — agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic — fever combined with aching and sore 
throat; laryngospasm; respiratory distress. Miscellaneous — reversible 
alopecia; Peyronie's disease; erythematous rash. 


OVERDOSAGE: Nadolol can be removed from the general circulation by 
hemodialysis. In addition to gastric lavage, employ the following measures as 
appropriate. In determining duration of corrective therapy, take note of long 
duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is 
no response to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been 
reported that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. 
(There is evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta, -stimulating agent and/or a 
theophylline derivative. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: In scored tablets containing 40, 80, or 120 mg nadolol per 
tablet in bottles of 100 and 1000. 
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To assess the ability to visualize the left main coronary artery with 
cross-sectional echocardiography, 123 patients scheduled to undergo 
coronary arteriography were studied prospectively. The left main coronary 
artery was visualized with a phased array sector scanner. Coronary ar- 
teriography revealed a normal left main coronary artery in 108 of the 123 
patients and more than 50 percent stenosis of this vessel in 15 patients. 
The left main coronary artery was adequately visualized with cross- 
sectional echocardiography in 62 (57 percent) of the 108 patients with 
an arteriographically normal artery and in 9 (60 percent) of 15 patients 
with more than 50 percent stenosis of this vessel. Cross-sectional 
echocardiography indicated a normal left main coronary artery in 59 of 
the 108 patients with a normal left main vessel on coronary arteriography. 
In three patients thought to have greater than 50 percent stenosis of the 
distal left main coronary artery on cross-sectional echocardiography, 
coronary arteriography revealed significant stenosis of the proximal left 
anterior descending coronary artery and a normal left main coronary ar- 
tery. In all nine patients with more than 50 percent stenosis of the left main 
coronary artery on coronary arteriography and adequate visualization of 
this vessel on cross-sectional echocardiography, the latter technique 
revealed narrowing of the lumen of this vessel. It is concluded that: (1) 
When the left main coronary artery is adequately visualized with cross- 
sectional echocardiography, the presence or absence of more than 50 
percent stenosis of this vessel can be assessed. (2) Stenosis of the 
proximal left anterior descending coronary artery may mimic a distal left 
main coronary arterial stenosis. (3) Studies on larger numbers of subjects 
with left main coronary artery disease will help to delineate further the 
role of cross-sectional echocardiography in evaluating a patient with 
suspected disease of this artery. 


Significant stenosis of the left main coronary artery is associated with 
an ominous prognosis. Thus, the ability to assess patency of this artery 
with a noninvasive technique is of considerable importance. Weyman 
et al.! first described a method of visualizing the left main coronary artery 
with cross-sectional echocardiography. In this prospective study we 
performed cross-sectional echocardiography to visualize this artery, in 
123 patients undergoing cardiac catheterization. Our findings constitute 
this report. 


Methods 


Patients: One hundred twenty-three consecutive patients, aged 35 to 70 years, 
scheduled to undergo cardiac catheterization for clinical indications underwent 
cross-sectional echocardiography 1 or 2 days before catheterization. All echo- 
cardiograms were performed by one investigator who had no prior knowledge 
of the patients’ clinical presentation; analysis of the echocardiograms was per- 
formed by an investigator who had no prior knowledge of the results of coronary 
arteriography. 
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Echocardiography: The patients were placed in the 30? 
left lateral decubitus position during the echocardiographic 
examination. Echocardiography was performed using a 
commercially available wide angle phased array system 
(Toshiba Sonolayergraph, model SSH-10A). The left main 
ceronary artery was visualized using the technique of Weyman 
et al.! The transducer was placed at the left sternal border in 
the third or fourth intercostal space. The probe was aligned 
so that the aorta could be seen in its long axis. After the aorta 
and aortic valve were located, the transducer was rotated 90° 
so that the aortic root was seen in the short axis. The trans- 
ducer was then angulated in a superior-inferior arc so that the 
superior margin of the left ventricle and the descending por- 
tion of the pulmonary artery were located. When this sweep 
was performed, a dense mass of echoes originating from the 
left inferior border of the aorta was identified. The transducer 
was then rotated parallel to the short axis of the body to align 
the plane of the ultrasonic scan parallel to that of the left main 
coronary artery. The ostium of the left coronary artery and 
the left main stem were thus identified. Several still frames 
were analyzed to assess whether satisfactory visualization of 
the left main coronary artery was attained. 

Visualization of the left main coronary artery was con- 
sidered. adequate if two parallel dominant linear echoes 
arising from the inferolateral border of the aortic root were 
noted and continuity between the lumens of the two vessels 
was present. The two parallel echoes invariably demonstrated 
anteroposterior motion during the cardiac cycle. If there were 
multiple echoes and these criteria were not present, the study 
was considered technically inadequate. Detection of left main 
coronary arterial stenosis required visualization of the lumen 
of the vessel both proximal and distal to the area of nar- 
rowing. 


Results 


Coronary arteriography versus sector scanning: 
Coronary arteriography revealed a normal left main 
coronary artery in 108 patients and greater than 50 
percent reduction of the luminal diameter of this artery 
in 15 patients. The left main coronary artery was ade- 
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quately visualized with cross-sectional echocardiogra- 
phy in 62 of the 108 patients (57 percent) with a normal 
artery and in 9 of the 15 patients (60 percent) with more 
than 50 percent stenosis of this artery. On cross-sec- 
tional echocardiography, 59 of the 62 visualized angio- 
graphically normal left main arteries were considered 
normal; in the other 3 a greater than 50 percent stenosis 
of the distal left main artery suspected on cross-sec- 
tional echocardiography proved on coronary arteriog- 
raphy to be significant stenosis of the origin or proximal 
1 cm of the left anterior descending coronary artery. All 
nine patients with significant stenosis of the left main 
coronary artery as assessed on arteriography and ade- 
quate visualization of this artery on cross-sectional 
echocardiography had more than 50 percent narrowing 
of the lumen of this vessel with the latter technique. 

Coronary arterial calcification: Of the patients 
with left main coronary arterial stenosis, moderate or 
heavy calcification of this vessel was noted im the an- 
giogram of three patients, and satisfactory echocar- 
diographic visualization of the stenosis was obtained in 
two. Mild left main coronary arterial calcification was 
noted in two patients and satisfactory studies were 
obtained in both. Thus, four patients (80 percent) of five 
with left main coronary calcification had technically 
satisfactory echocardiographic demonstration of left 
main coronary stenosis. Ten patients had no ealcifica- 
tion of the left main artery; of these, five (50 percent) 
had satisfactory echocardiographic visualization of the 
left main coronary arterial stenosis. Of the 15 patients 
with left main coronary arterial stenosis, 5 were under 
the age of 55, and none of the 5 had calcification of this 
artery. Five of the 10 patients aged 55 or older had 
coronary calcification. 

Sensitivity and predictive value of echocardi- 
ography: Echocardiography detected left main coro- 
nary artery disease in 9 of 15 patients (sensitivity 60 


FIGURE 1. Cross-sectional echocardiogram of a 
patient with a normal left main coronary artery 
(LMCA). This artery is seen to arise from the aorta 
(AO), and there is continuity between the lumen of 
both vessels. LA = left atrium; PA = pulmonary ar- 
tery. 
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FIGURE 2. Cross-sectional echocardiogram 
of a patient who had a normal left main coro- 
nary artery (LMCA) on coronary arteriography. 
Continuity between the lumens of the aorta and 
left main artery is noted. Abbreviations as in 
Figure 1. 


percent for the entire group). If the echocardiogram 
visualized the left main coronary artery, the sensitivity 
was 100 percent (9 of 9 patients) and the specificity 95 
percent (59 of 62 patients). The predictive value of a 
positive echocardiogram for left main coronary artery 
disease was 75 percent (9 of 12 patients). 

Representative scans: Figures 1 and 2 show cross- 
sectional echocardiograms from two patients with a 
normal left main coronary artery and Figure 3 an 
echocardiogram from a patient with critical stenosis of 
the left main coronary artery. In the latter, an area of 
segmental narrowing is seen with a relatively normal 
lumen distal to the stenosis. The coronary arteriogram 
of this patient (Fig. 4) confirmed a stenosis of the left 
main coronary artery. Figure 5 depicts another echo- 
cardiogram from a patient with proved stenosis of this 
artery. 


FIGURE 3. Cross-sectional echocardiogram 
illustrating stenosis of the left main coronary 
artery (LMCA). A narrowed segment (arrow- 
heads) in this vessel is seen. Abbreviations as 
in Figure 1. 











Discussion 


Weyman et al.! first described a technique for visu- 
alizing the left main coronary artery with cross-sectional 
echocardiography. They stressed the importance of 
visualizing the origin of this artery from the aorta, and 
the need to define the continuity between the lumens 
of the two vessels. They also emphasized the need to 
visualize the lumen of the vessel both proximal and 
distal to the lesion. Yoshikawa et al.? described the use 
of cross-sectional echocardiography to diagnose coro- 
nary arterial aneurysms in patients with mucocutaneous 
lymph node syndrome. They were able to detect aneu- 
rysms of both the left and right coronary arteries. A 
recent report from our laboratory? described the 
cross-sectional echocardiographic diagnosis of a right 
coronary arterial aneurysm. Ogawa et al.* introduced 
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FIGURE 4. Coronary arteriogram from the same patient as in Figure 
3 illustrating stenosis of the left main coronary artery (arrowhead). 


a new technique for visualizing the left main coronary 
artery by placement of the transducer at the cardiac 
apex and cranial transducer angulation.* They were able 
to visualize and detect stenosis in the left main coronary 
artery in a large proportion of patients. However, we 
have obtained better visualization of the left main cor- 
onary artery by placing the transducer at the left sternal 
border rather than at the cardiac apex. 

Limitations of method: Cross-sectional echocardi- 
ography has some limitations as a method of evaluating 
the left main coronary artery. Adequate visualization 
of this artery was not possible in a significant proportion 
(42 percent) of our patients. The ultrasonic study is 
difficult to perform in the presence of obesity, emphy- 
sema and a large anteroposterior chest diameter, which 
are prevalent in patients with coronary artery disease. 
A much larger proportion of technically satisfactory 
studies of the left main coronary artery was obtained in 
young normal adults studied in our laboratory. Three 
patients in the present study who were thought to have 
stenosis of the left main coronary artery on cross-sec- 
tional echocardiography were found to have significant 
stenosis of the proximal left anterior descending artery. 





FIGURE 5. Cross-sectional echocardiogram showing stenosis (ar- 
rowhead) in the left main coronary artery. AO — aor:a; LA - left 
atrium. 


We therefore believe that, except in patients with ostial 
lesions, when the cross-sectional echocardiogram indi- 
cates stenosis of the left main coronary artery, the al- 
ternative possibility of stenosis of a proximal left an- 
terior descending artery should be considered. It is also 
conceivable, although we did not encounter the situa- 
tion in our study, that when the left main ccronary ar- 
tery is very long, only a part of it may be visualized in 
the cross-sectional echocardiogram and hence a stenosis 
of this artery missed. Under these circumstances, a false 
negative study will be obtained. 

Implications: Cross-sectional echocardiography is 
a useful method of imaging the left main coronary ar- 
tery. T'echnical difficulties in visualizing this artery in 
a significant proportion of patients and the inability to 
distinguish between a stenosis of the proximal left an- 
terior descending artery and one of the left main artery 
in some patients are limitations of the technique. 
Nevertheless, when the left main coronary artery is 
adequately visualized, sensitivity and specificity are 
high. Further studies on larger numbers of patients will 
help to delineate further the role of cross-sectional 
echocardiography in evaluating those who are suspected 
to have left main coronary artery disease. 
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Transesophageal M mode echocardiography was used for continuous 
monitoring of left ventricular dimensions in 21 patients (11 with valvular 
and 10 with coronary heart disease) undergoing open heart surgery. 
Echocardiograms were recorded in six stages of the procedure and si- 
multaneous measurements of cardiac output (with dye dilution) and atrial 
pressures were made. Measurements of left ventricular diameters with 
the transesophageal technique correlated excellently with the corre- 
sponding measurements obtained with the standard parasternal method. 
In patients with volume overload, surgical correction was accompanied 
by a decrease in diastolic dimension, velocity of circumferential fiber 
shortening, mid wall stress and end-diastolic stiffness, and an increase 
in cardiac output. Pericardial and chest wall closures generally caused 
a significant decrease in cardiac output, and correlated with a decrease 
in diastolic diameter and an increase in the stiffness constant of the left 
ventricle. Thus, the decrease in cardiac output may have been due to 
decreased distensibility of the ventricular cavity secondary to mechanical 
restriction by the pericardium and chest wall. Pericardial opening caused 
a significant delay in septal motion that was reversed by closing the 
pericardium. This study confirms the validity of transesophageal echo- 
cardiography and its usefulness in monitoring changes in ventricular 
function during cardiac surgery. 


The hemodynamic and left ventricular functional changes that occur 
during cardiac surgery reflect such influences as the operative procedure, 
anesthetic and cardiopulmonary bypass techniques, including particu- 
larly the methods of cardiac arrest and myocardial protection, and 
possibly extrinsic mechanical factors such as the chest wall and peri- 
cardium. A more complete understanding of the relative contribution 
of each of these factors to cardiac performance would have both clinical 
and investigational importance. 

Currently used monitoring techniques such as measurements of 
pressure and cardiac output provide an incomplete picture of left ven- 
tricular function during the operative period. M mode echocardiography 
has been used to obtain left ventricular measurements and function 
during open heart surgery using either retrocardiac! or anterior cardiac? 
transducer placement. These methods require placement of a transducer 
in the operative field. Thus the chest must be open and the surgeon must 
interrupt his operation for manipulation of the probe. 

Transesophageal echocardiography provides a readily accessible lo- 
cation for continuous cardiac examination.** The location is stable, 
and monitoring not only does not interfere with the operation, but also 
can be performed before the chest is open and while it is being closed. 
The purpose of this study was to assess the ability of the transesophageal 
technique to measure changes in left ventricular dimensions and function 
during the various phases of open heart surgery. 
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Methods 


Patients: The study group comprised 24 consecutive pa- 
tients, 16 men and 8 women, who underwent open heart sur- 
gery at the Hospital of the Albert Einstein College of Medi- 
cine. Their ages ranged from 25 to 79 years (mean 58). Sa- 
phenous vein bypass grafting for coronary artery disease was 
performed in 12 patients, aortic valve replacement in 7, (for 
insufficiency in 5 and for stenoses in 2) and mitral valve re- 
placement in the remaining 5 patients (for insufficiency in 2 
and stenosis in 3). In addition, one of the patients with mitral 
stenosis had saphenous vein bypass grafting for coexisting 
coronary artery disease. 

Induction of anesthesia and placement of esophageal 
echotransducer: All patients received the same premedica- 
tion and anesthetic management. Premedication consisted 
of morphine sulfate, 0.1 to 0.15 mg/kg, and scopolamine, 0.01 
mg/kg, administered intramuscularly 1 hour before induction 
of anesthesia. The radial artery and the internal jugular vein 
were cannulated for continuous monitoring of the arterial and 
right atrial pressures. Induction of anesthesia was accom- 
plished with 3 mg of d-tubocurarine and 4 to 5 mg/kg body 
weight of thiopental intravenously, followed by 0.5 to 2 per- 
cent ethrane in oxygen. The trachea was intubated with the 
aid of succinylcholine, 1.5 mg/kg, administered intravenously, 
and sprayed with topical lidocaine. Anesthesia was maintained 
with ethrane (0.5 to 2 percent) in oxygen supplemented with 
nondepolarizing muscle relaxants. 

After the induction of anesthesia an esophageal echocar- 
diographic transducer (Fig. 1A) was inserted orally into the 
esophagus with the assistance of a McGill forceps. The pre- 
liminary transducer position was estimated from the patient's 
right anterior oblique chest roentgenogram. An echocardio- 
gram of the left atrium and the mitral valve was obtained. The 
transducer was then manipulated and advanced 2 to 3 cm 
from its original position to obtain clear reflections from the 
left ventricular posterior wall and interventricular septum at 
the level of the chordae tendineae of the mitral valve. T'his was 
the site of measurements of ventricular dimensions. The probe 
was then immobilized to prevent a shift in position. Cobe 
Optiflo II bubble oxygenators, hemodilution, moderate gen- 
eral hypothermia (20 to 25°C) and hypothermic hyperkalemic 
cardioplegic arrest (4°C) were used for cardiopulmonary by- 
pass in all cases. 





FIGURE 1. Modified transesophageal echo probe assembly. A — 
transducer; B — modified and stiffened cable; C — connector. 
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Hemodynamic measurements: Arterial and venous 
pressures were measured using Statham transducers, and 
measurements were recorded on a Hewlett-Packard multi- 
channel recorder (model 7754A). Heart rate was calculated 
from the electrocardiogram. Cardiac output was measured 
using the indocyanine green indicator-dilution technique, 
using a commercially available cardiac output computer 
(Electronics for Medicine model OTCCO-07). 

Echocardiography: Transesophageal M mode echocar- 
diograms were taken with a Picker Echoview system, model 
80CI, or a Hoffrel Ultrasonoscope model 101C using a 3.5 
megahertz nonfocused commercially available esophageal 
transducer, 10 mm in diameter, with a pulse repetition of 1,000 
hertz. The cable of this transducer assembly was reinforced 
with a no. 18 solid copper wire and one eighth inch (0.32 cm) 
heat shrink tubing, covered by tygon tubing (ID 2.4 mm, wall 
thickness 0.8 mm), to facilitate manipulation of the probe (Fig. 
1). M mode echocardiograms were recorded on a high reso- 
lution fiberoptic continuous strip chart recorder ( Honeywell 
Visicorder model 1856 A) at paper speeds of 50 to 100 
mm/s. 

M mode echocardiograms of the left ventricle represent a 
mirror image of those recorded with the parasternal technique. 
Figure 2 defines the left ventricular measurements made in 
this study. Left ventricular end-diastolic dimension was 
measured at the summit of the R wave of the electrocardio- 
gram. End-systolic dimension was measured at the peak ex- 
cursion of the posterior left ventricular wall. The thickness 
of the posterior left ventricular wall and interventricular 
septum were measured (Fig. 2). Figure 2 also defines the du- 
ration of minor axis shortening.? An average of five consecu- 
tive cycles was used in all calculations. Left ventricular mean 
velocity of circumferential fiber shortening,® volume? and 
ejection fraction were calculated from the foregoing data. 

To determine the relative motion of the posterior left ven- 
tricular wall to the ventricular septum, the interval from the 
summit of the R wave of the electrocardiogram to the peak 
excursion of the posterior left ventricular wall (R-P) and 
ventricular septum (R-S) were measured. The differences of 
R-P and R-S (A t) and R-P and dt (which is relevant to elec- 
tromechanical latency) were also calculated (Fig. 2). The 
percent of systolic septal thickening was also measured. 

Comparisons with chest wall echocardiographic mea- 
surements were made in 12 patients. End-diastolic and end- 
systolic transesophageal dimensions were recorded at 1 and 
compared with those of chest wall echocardiographic re- 
cordings made before induction of anesthesia. 

Calculation of diastolic indexes of the left ventricle: 
Ventricular cavity and wall volumes were calculated from 
echocardiographic diameters using the formulas of Teichholz 
et al.9: 


7.0 
yam. 
e Ot u- D, 


where D; is the internal diameter and Vc is the cavity volumes 
and 


X D*,, 


1.0 
2.4 + Do 


where Vw is wall volume and D» is the external diameter. 

Diastolic indexes (from stress-strain theory) of left ven- 
tricular function were calculated from single end-diastolic 
pressure-volume points using the approximations suggested 
by Mirsky and Parmley.’ In patients without mitral stenosis, 
left ventricular end-diastolic pressure was assumed to be equal 
to left atrial pressure. 

The stiffness constant was calculated as: 


Ka + 3 (1 + In 2.33 Ped) [1 + 1/(V + V)! (1 + V)2/3], 


Vw = (Ve + w — Ve) = X Də — Vc, 


FIGURE 2. Case 3. Transesophageal M mode 
echocardiogram recorded before sternotomy 
(stage 1 recording). Note that the tracing is a 
mirror image of that recorded with the para- 
sternal technique. ARVW - anterior right 
ventricular wall; Dd — end-diastolic dimension; 
Ds = end-systolic dimension; dt = duration of 
shortening of the minor axis; EKG = electro- 
cardiogram; EN = endocardium; EP = epi- 
cardium; ESO = esophagus; IVS = interven- 
tricular septum; LS = left side of the ventric- 
ular septum; LV = left ventricle; MVTC 
tendineal chordae of the mitral valve; P 
pericardium; PLVW = posterior left ventricular 
wall; R-P = interval from the summit of R wave 
of electrocardiogram to the peak excursion of 
the posterior left ventricular wall; R-S = in- 
terval from the summit of R wave of electro- 
cardiogram to the peak excursion of inter- 
ventricular septum; RS = right side of the 


ventricular septum; RV = right ventricle; sec 


= second; At = (R-P) — (R-S). 
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FIGURE 3. A composite of echocardiograms recorded at stages 1 through 6. Stage 1 = before sternotomy; stage 2 = after sternotomy before 
pericardial opening; stage 3 = after pericardial opening before cardiopulmonary bypass; stage 4 = after bypass before pericardial closure; stage 
5 = after pericardial closure before sternal closure; stage 6 = after sternal closure. Abbreviations as in Figure 2. 
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TABLE ! 
Ventricular Dimension Measurements in Stages 1 to 6 
End-Diastolic Dimension End-Systolic Dimension Time of PLVW 
(mm) (mm) Shortening (s) 
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 


————————————  ————————— 


Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 


75.3 75.0 78.6 71.0 68.8 60.5 55.3 54.4 55.8 56.4 57.0 49.8 0.32 0.29 0.28 
£485 -$0.2 X500 X129 3122 (11.1 16.6 EIT +8.6 +13.1 +13.0 +11.9 +0.03 +0.03 +0.05 
ainainen 


Lp <0.05 
"EEE er E EE De POLE a EE OON QUI 5: PoS S A oT S el aa a 
Coronary Artery Disease (n = 6) (mean values + SD) 


6.4 48.3 43.8 45.7 43.6 34.3 33.2 36.7 32.6 33.3 34.4 0.33 0.36 0.35 
4.1 +8.2 £3.8 +6.8 +7.5 +2.2 +4.7 +7.0 +3.0 4.5 +6.7 10.03 +0.06 +0.04 


Aortic Stenosis (n = 2) (mean values) 
56.5 55.5 60.0 42.5 42.0 40.0 40.0 40.5 27.0 28.5 0.35 0.35 0.32 
Mitral Stenosis (n = 3) (mean values) 
41.0 39.7 36.5 43.5 45.0 40.5 32.5 30.0 27.0 34.0 30.0 28.0 0.30 0.29 0.31 
Total (n = 17) (mean values + SD) 


48.8 
1 


4 
+4. $ 


60.1 55.8 58.6 55.1 56.7 49.7 43.9 
15.2 415.4 +17.0 +16.1 +15.5 +12.1 +11.5 
L—p «0.05 — 


42.3 42.8 43.8 38.9 0.32 0.32 0.32 
+12.5 +146 +166 +124 +0.03 +0.05 +0.05 


p = probability of t value using the paired t test; statistical significance was taken as a p value of «0.05. PLVW = posterior left ventricular wall; 


where Ped is the end-diastolic pressure and V is the ratio of 
cavity volume to wall volume at end-diastole. Ventricular 
compliance (dP/dV) was also calculated using the approxi- 
mation of Mirsky and Parmley’: 


dP/dV = aP, 
where 
a = In 2.33 Ped/end-diastolic volume (Ved) 


Various investigators have calculated stress using either 
spherical or ellipsoidal geometry. In general, when both 
methods have been used, the correlation has been excellent. 
Thus, given the limitation of M mode echocardiography in this 
setting, we calculated end-diastolic stress at mid wall assuming 
a spherical model: 


Om = Ped -V-(1 + b3/2R?), 


where om is the mid wall stress, Ped and V are as before, b is 
the external radius of the sphere and R is the mid wall radius. 





y:1.03x - 2.78 y:0.98x *1.24 
100 r* 0.96 100 r:0.93 
n:12 n:12 
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FIGURE 4. Comparison of transesophageal echocardiographic mea- 
surements with regular chest wall echocardiogram. Left, comparison 
of end-diastolic dimension of the left ventricle (Dd). Right, comparison 
of end-systolic dimension of the left ventricle (Ds). 
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With use of simplifications made by Mirsky and Parmley,’ Em 
(the end-diastolic mid wall elastic stiffness) was calculated 
as Em = Kao. The validity of these approximations in this 
eri and interpretation of these indexes are discussed 
ater. 

Protocol: Hemodynamic and echocardiographic mea- 
surements were performed at six stages during the operation. 
In stage 1 measurement was performed 30 minutes after in- 
duction of anesthesia. The chest wall was closed at this time, 
and the left atrial pressure was not recorded. As soon as the 
chest was opened, the measurements were repeated (stage 2). 
These measurements were repeated after pericardial opening 
and insertion of the left atrial pressure line before cardio- 
pulmonary bypass (stage 3), after bypass and before pericar- 
dial closure (stage 4), after pericardial closure (stage 5) and 
after chest wall closure (stage 6). 

Statistical methods: Student’s t test for paired data or the 
analysis of variance was used for statistical comparison. Sta- 
tistical significance was taken as a probability (p) value of less 
than 0.05. 


Results 


In 21 cases, satisfactory transesophageal echocar- 
diographic recordings of the left ventricle (Fig. 2 and 3) 
were obtained at different stages of operation. Figure 
2 shows an echocardiogram at stage 1, and Figure 3 
shows a composite of recordings at stages 1 through 6. 
Echocardiographic measurements and atrial pressures 
are shown in Table I. Systolic indexes of left ventricular 
function and cardiac output are shown in Table II. Data 
from patients who had paradoxical motion of the ven- 
tricular septum due to previous myocardial infarction 
were excluded from these tables. 

Comparison of transesophageal with standard 
chest wall echocardiographic measurements: 
Transesophageal echocardiographic measurements at 
stage 1 were compared with chest wall echocardio- 
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TABLE | 
(continued) 
et e EE 
Time of PLVW Left Atrial Pressure Right Atrial Pressure 
Shortening (s) (mm Hg) (mm Hg) 
4 5 6 LEM - 3 4 5 6 1 2 3 4 5 6 
Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 
0.34 0.31 0.28 11.0 10.4 13.7 10.5 6.9 2.5 2.0 5.2 12.0 5.2 
+0.08 +0.07 +0.03 1.4 +3.3 +3.2 £5.5 +2.5 +3.5 +2.8 +7.1 +15.6 +4.2 
Coronary Artery Disease (n = 6) (mean values + SD) 
0.35 0.33 0.32 8.2 10.6 9.9 0 6.0 3.3 0 1.0 
+0.04 +0.01 +0.06 +6.4 +5.3 +0.9 +0 +8.5 +5.9 +0 +2.2 
Aortic Stenosis (n = 2) (mean values) 
0.34 0.29 16.0 10.0 13.0 12.0 0 0 0 0 0 
Mitral Stenosis (n = 3) (mean values) 
0.28 0.36 0.28 25.0 30.0 18.0 0 0 0 4.0 5.0 
Total (n = 17) (mean values + SD) 
0.34 0.32 0.30 12.0 12.1 13.2 11.5 2.9 2.8 2.4 2.7 8.0 2.6 
+0.06 +0.05 +0.05 +7.3 +6.8 +2.4 +4.1 +3.9 +49 +4.5 +5.2 +8.0 +3.3 
L—p <0.05— 


Mz EAR RENE Ec PP nT ee nN a 


SD = standard deviation. 


graphic measurements in 12 patients. A close correlation 
was noted (Fig. 4) for end-diastolic dimension (y = 1.03 
X —2.78, r = 0.96) and end-systolic dimension (y = 0.98 
X +1.24, r = 0.93). 

Ventricular dimension (Table I): In the patients 
with overload of the left ventricle the mean diastolic 
dimension decreased when the valve defect was cor- 
rected (between stages 3 and 4). A further decrease was 
noted after pericardial and sternal closure (stages 4 and 
6). However, the decrease in dimension was statistically 
significant (p «0.05) only when stage 1 was compared 
with stage 6 (Fig. 5). In these patients the mean systolic 
dimension decreased, although not significantly, with 
sternal closure (from stage 5 to 6). When all patients are 
considered as a group, a statistically significant (p 
<0.05) decrease in diastolic dimension was found after 
sternal closure (between stages 5 and 6). 

Other indexes (Table II): There was no important 
change in minor axis shortening except for a significant 
decrease when stage 5 was compared with stage 6 in all 
patients. A gradual increase in the velocity of circum- 
ferential fiber shortening (Vcf) was noted from stages 
1 to 3 followed by a significant decrease from stage 3 to 
4 in the patients with volume overload. This variable 
decreased in the patients with coronary artery disease 
from stages 1 to 3 and an additional significant decrease 
was observed from stages 4 to 6. 

There was a progressive increase in ejection fraction 
from stages 1 to 3 and a significant decrease between 
stages 3 and 4 in the group with volume overload. The 
ejection fraction decreased progressively from stage 1 
to 3 in the group with coronary artery disease. 

Diastolic properties of the left ventricle: Tables 
III and IV show the results of our stress-strain analyses 
in those patients in whom simultaneous pressure re- 


cordings with echocardiograms were obtained. A sharp 
decrease was noted in stress and end-diastolic stiffness 
after surgical correction in patients with aortic regur- 
gitation (om25.8 — 15.0; E4410 — 226) and a lesser 
decrease in those with coronary artery disease (0,,19.0 
— 13.2; E,,326 — 237). Both the group with volume 
overload and that with coronary artery disease showed 


SURGICAL 
CORRECTION 

| 
8 | 
7 | 
6 Dd(cm) 
5 | 
4 | 
3 C.O. (L/min) 
2 | 
] | 

Vcf (circ/sec) 

STAGE 1 2 3 4 5 6 


BEFORE CHEST PERIC. BEFORE PERIC. CHEST 
CHESTIS OPEN OPEN PERIC. CLOSED CLOSED 

l OPEN CLOSURE 

FIGURE 5. Change of cardiac outout (C.O.) in relation to end-diastolic 
dimension of the left ventricle (Dd) and velocity of circumferential fiber 
shortening (Vcf) in six patients (Cases 1 to 6) with left ventricular volume 
overload at stages 1 to 6 during open heart surgery. Marked decreases 
in left ventricular end-diastolic dimension and velocity of circumferential 
fiber shortening and a marked increase in cardiac output were noted 
after valve replacement. After pericardial and especially after chest 
wall closure, end-diastolic dimension and cardiac output showed à 
marked decrease. Velocity of circumferential fiber shortening did not 
show significant change. circ — circumferences; L — liters; PERIC — 
pericardium. 
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TABLE Il 
Other Ventricular Indexes in Stages 1 to 6 


————————————————MMÀM— ———————— À—— HM 


Vcf 
(circumferences/s) 





1 2 3 4 5 6 


Ejection Fraction 
(%) 





1 2 3 4 5 6 


oo EPIO AT SEA RN ISSUES IO LH Ce A Se So aera a SN LL E Ma RN 
Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 


0.84 0.97 1.08 0.67 0.58 0.72 
+0.17 +0.21 +0.39 +0.34 +0.25 +0.25 


t—p <0.05 — 


50.2 51.6 53.6 38.6 35.7 37.0 
+7.2 +8.8 +10.4 +9.3 +12.4 +10.7 
Lp «0.05 — 


———————— MUTA. EL Be ga rums ctu D PME VS T SP VERAS C027 EE RNPENISNO 6d haga PARERE "DE 
Coronary Artery Disease (n = 6) (mean values + SD) 


0.91 0.82 0.73 0.73 0.75 0.70 56.3 51.2 49.2 51.4 52.3 43.6 
+0.13 +0.25 +0.16 +0.11 +0.01 +0.23 +6.6 +3.1 +6.9 4.7 5.9 45.2 
Lip «0.05——— —À L—— p <9.91 

"TUNER DECR eee ND ACCU. PY SE Oe ee SA eens 3-9. Se d 


Aortic Stenosis (n = 2) (mean values) 


0.84 0.81 1.02 1.07 1.10 


56.0 54.0 60.0 67.0 60.0 


Mitral Stenosis (n = 3) (mean values) 


0.71 1.14 0.87 0.79 0.93 1.11 


43.0 48.0 53.0 45.0 62.0 59.0 


Total (n = 17) (mean + SD) 
i Mil Se SP TET RD ee Fe eh ieri SN aan riche cu cem ope B LoT re S COMNIS Tar MRNA DIE US E 


0.84 0.91 0.90 0.72 0.73 0.83 
+0.16 +0.24 +0.29 +0.22 +0.27 +0.27 


51.6 51.1 52.5 45.0 47.3 45.2 
+8.8 +10.6 +9.0 +9.0 +15.3 +12.0 





Figures in parentheses indicate echocardiographic measurements of cardiac output in patients with aortic or mitral regurgitation. 
= probability of t value using the paired t test; statistical significance was taken as a p value of <0.05. 


an increase in dP/dV and the stiffness constant KA after 
pericardial and sternal closure. The average increase as 
a total group was 75 percent (p <0.05) in dP/dV and 13 
percent (p <0.05) in Ka. 

Ventricular septal motion (Table V): In the group 
with volume overload there was a small progressive 
decrease in the R-P interval (peak of R to peak of pos- 
terior wall motion) from stages 1 to 3. The R-S interval 
(peak of R to peak of septal motion) increased slightly 
between stages 3 and 4 but significantly decreased from 
stage 4 to 5. The difference (At) between the R-P and 
R-S intervals decreased greatly from stage 2 to 3 (peri- 
cardial opening) and increased greatly again from stage 


TABLE Ill 


Diastolic Indexes Before (stage 3) and After (stage 4) 
Cardiopulmonary Bypass 


Stage a(cm)  b(cm) 





On{g/cm*) Em(g/cm?) dP/dV Ka 


Left Ventricular Volume Overload (valve replacement, n = 2) 
(mean values) 





3 4.08 5.23 25.8 410 0.10 15.9 
4 3.68 4.83 15.1 226 0.50 15.1 
OEC T ade VE DT o, DTE Dos AV TET ar TN ^ ERES eni ha 
Coronary Artery Disease (bypass grafting, n — 3) (mean values) 
y ét staire voa Kur Mat uote we da Aes aai, A cadi see d. teas age apa RR 
3 2.75 3.73 19.0 326 0.20 16.4 
4 2.27 3.25 13.2 237 0.31 15.8 
SE ee UES Es ETR o dS, CLERC Ad 


a = internal radius; b = external radius; dP/dV = diastolic pres- 
sure-volume; om = end-diastolic stress; Em = end-diastolic mid wall 
stiffness; Ka = stiffness constant; NS = statistically not significant; SD 
= standard deviation. 
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4 to 5 (pericardial closure). There was also a decrease 
in the difference between the R-P and R-S intervals 
from stage 3 to 4. There was no significant change in 
percent systolic thickness of the septum at any stage (1 
to 6). Electromechanical latent time remained un- 
changed throughout the entire procedure. 


TABLE IV 


Influence of Pericardial Closure (stages 4 to 5) and Sternal 
Closure (stages 5 to 6 on diastolic indexes) 





Stage a(cm) b(cm) o,4í(g/cm?) Em(g/cm?) dP/dV Ka 


Left Ventricular Volume Overload (valve replacement, n = 5) 
(mean values) 





4 2.99 3.98 19.6 314 0.16 15.6 
5 3.08 4.10 27.0 470 0.28 -117.5 
6 2.81 3.92 20.1 363 0.32 18.2 





Coronary Artery Disease (bypass grafting, n = 5) 
(mean values) 








4 oo: 845 11.8 210 0.32. 17.3 
6 2.00 3.10 12.3 242 0.54 19.3 
Total (n = 10) (mean values + SD) 
2.59 3.62 15.2 256 0.244 16.54 
4 +0.55 +058 +108 +185 401604170 
2.84 3.85 24.6 439 0.34 A 18.1 A 
5 £063 2065 49.0 +146 40198+1535 
TAY 951 16.2 303 0.43 «e 18.7 © 
6 +0.55 0.57 +6.6 +117 40.253 4149 ! 


Abbreviations as in Tables Il and Ill. 
Statistical significance was taken as a p value of «0.05. 
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TABLE Ii 
(continued) 
Cardiac Output by Dye Cardiac Output by 
Dilution (liters/min) Echocardiography (liters/min) 
1 2 3 4 5 6 1 2 3 4 5 6 
Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 
3.15 3.90 2.90 5.17 4.97 3.21 (10.9) (13.0) (13.5) 7.60 6.68 4.99 
+1.29 +1.68 +0.01 +1.88 +3.21 +0.94 (+3.1) (+4.6) (+4.1) +2.50 +3.33 +2.16 
p <0.05 L—p «0.05 
Coronary Artery Disease (n = 6) (mean values + SD) 

3.63 3.67 4.10 3.94 2.96 3.41 2.74 3.24 2.84 3.75 2.51 
+1.77 +1.68 +1.07 +1.64 +0.73 +0.75 +0.37 +1.64 +0.72 +2.23 +0.83 
Aortic Stenosis (n = 2) (mean values) 

5.64 7.01 7.06 5.53 4.04 5.36 5.18 7.42 7.42 3.74 3.91 
Mitral Stenosis (n = 3) (mean values) 
ARG o a A E a i aieiai a r a a 
2.85 3.26 1.97 1.93 2.97 2.33 2.44 2.15 3.44 4.68 3.97 
D or E n E iA O a E Ee CLE SR a T E EE AT 
Total (n = 17) (mean + SD) 
3.50 4.24 3.86 4.42 4.60 3.24 5.10 5.43 3.98 
+1.49 +1.74 +1.56 +1.82 +2.34 +0.95 +2.90 +2.88 +1.82 


<0.01 


ES CD) PES Sencar te LA beers areca T ML e e 
SD = standard deviation; Vcf = velocity of circumferential fiber shortening. 


In the group with coronary artery disease the pos- 
terior left ventricular wall and the ventricular septum 
intervals showed the same changes between stages 
found in the group with volume overload. Pericardial 
opening and closure affected the difference between the 
R-P and R-S intervals in the same manner as in the 
group with volume overload, although the differences 
were less striking and the difference between the R-P 
and R-S intervals never assumed a negative value. 
Electromechanical latent time again remained essen- 
tially unchanged. 

Cardiac output (Table II): A reasonable correlation 
was observed between cardiac output by dye dilution 
and echocardiographic techniques in 36 simultaneous 
measurements made in 13 patients (y = 0.85 x +1.01, 
r = 0.72, n = 36) (Fig. 6). Cardiac output in the group 
with left ventricular volume overload revealed a sig- 
nificant increase between stages 1 and 4 (p <0.05) and 
a significant decrease between stages 4 and 6 (p «0.05). 
The total group showed a more significant decrease 
between stages 4 and 6 (p «0.01). 


Discussion 


Echocardiography is a useful method for evaluating 
left ventricular performance and the technique has been 
applied during open heart surgery.'? The anterior ep- 
icardial application of the probe that we have used is 
limited by the surgeon's need to interrupt his activity 
in order to obtain an echocardiogram and by the fact 
that application is possible only while the chest is open. 
In the study of Spotnitz et al.,! the echocardiographic 
transducer was placed behind the heart in the open 
chest and changes were noted in left ventricular com- 





pliance of hypertrophic hearts in patients undergoing 
bypass procedures. However, echocardiograms could 
not be obtained throughout the surgical procedure. 

Advantages of transesophageal echocardiogra- 
phy: This method was initially introduced by Frazin et 
al.? and we^ have previously reported that it is useful 
for the continuous monitoring of left ventricular di- 
mensions during open heart surgery. With this method, 
echocardiograms can be recorded at the same location 
throughout the entire procedure and sterilization of the | 
probe is not required. Moreover, the quality of the image | 
and the resolution of the posterior left ventricular wall 


y: 0.85x * 1.01 
r*: 072 
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FIGURE 6. Correlation of cardiac output (C.O.) by dye dilution technique 
and transesophageal echocardiography in 13 patients at different stages 
of surgery. 
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TABLE V 
Posterior Wall and Septal Motion in Stages 1 to 6 (mean values + standard deviation) 
R — P (s) R — S (s) At (s) 
1 2 3 x 5 6 1 2 3 4 5 6 1 2 3 4 


Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 


037 0.35 0.33 0.40 0.38 0.38 0.33 0.32 


0.34 0.45 0.31 0.29 0.04 0.03 —0.01 —0.05 


+007 +0.03 +0.04 10.12 +0.09 +0.10 +0.05 +0.07 +0.05 +0.16 +0.13 +0.08 +0.08 +0.06 +0.04 +0.06 


Lp <0.05— LI— p <0.054 L 


Coronary Artery Disease (n = 6) (mean values + SD) 


0.39 0.45 0.42 0.42 0.40 0.37 0.34 0.32 


0.35 0.38 0.28 0.31 0.05 0.12 0.07 0.04 


+0.03 +0.05 +0.05 +0.05 +0.02 +0.07 +0.04 +0.06 +0.07 +0.05 +0.03 +0.08 +0.04 +0.08 +0.09 +0.04 


EMLT = electromechanical latent time; p = probability of t value using paired t test; R-P = interval from the R wave of electrocardiogram to 
the peak excursion of the posterior left ventricular wall; R-S = interval from the R wave of electrocardiogram to the peak excursion of the ventricular 


echo are better than those obtained with chest wall re- 
cordings. 

A percutaneously removable transducer has been 
used in animal experiments for postoperative assess- 
ment of left ventricular performance,? but noninvasive 
transesophageal echocardiography can be used more 
practically in human beings. Another advantage of the 
transesophageal technique is that it can visualize all of 
the structures of the right heart. 'T'his technique can also 
be applied to two dimensional transesophageal echo- 
cardiography,? permitting three dimensional images to 
be generated and calculation volume of the four cardiac 
chambers.!?!! The application of transesophageal 
echocardiography is limited only in extremely hori- 
zontal hearts in which the proper portion of the left 
ventricle may not be recorded. 

Application of study to ventricular performance: 
In this study, transesophageal echocardiography was 
used to determine systolic and diastolic dimensions and 
wall thickness of the left ventricle. These data correlated 
well with those obtained from chest wall echocardio- 
grams; from them we derived ejection fraction and es- 
timated cardiac output. The cardiac output values ob- 
tained by echocardiography correlated well with those 
obtained by dye-dilutiom techniques. Thus, trans- 
esophageal echocardiography provided data relative to 
the performance of the left ventricle that compared 
favorably with those derived from standard tech- 
niques. 

Transesophageal echocardiography was helpful in 
evaluating the effects of surgical correction in patients 
with valve insufficiency and left ventricular volume 
overload. After surgical correction, there was a signifi- 
cant increase in cardiac output accompanied by a 
marked reduction in left ventricular end-diastolic di- 
mension (Fig. 5). Left atrial pressure decreased and 
there were large decreases in wall stress and end-dia- 
stolic stiffness. There was no change in the stiffness 
constant, suggesting that there was no change in in- 
trinsic stiffness of the myocardial wall. There were 
significant decreases in the velocity of circumferential 
fiber shortening (Fig. 5) and in ejection fraction; these 
changes were presumably secondary to decreased pre- 
load (as reflected in decreased dimension), although a 
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depressant effect of valve surgery on the myocardium 
is not excluded. 

There was no significant change in the cardiac output, 
ejection fraction or velocity of circumferential fiber 
shortening in patients who underwent bypass graft 
surgery. These results agree with our previous data 
obtained with epicardial echocardiography. The stiff- 
ness constant remained unchanged, and wall stress and 
end-diastolic stiffness showed a considerable decrease. 
In usual clinical situations, end-diastolic stiffness rep- 
resents impedance to filling of the ventricle as a whole 
and suggests to what degree alterations of ventricular 
compliance are affecting ventricular function. 

Evaluation of diastolic stiffness: Recent investi- 
gators have used stress-strain theory to derive several 
indexes for the evaluation of the diastolic stiffness of the 
ventricle. Because these calculations involve dynamic 
properties, their calculation from single pressure-vol- 
ume points involves utilization of a normalized modulus, 
dP/dV, which was originally derived from the human 
heart.!? This approximation has been suggested by 
Mirsky et al.^!? and recently used by other investiga- 
tors.'4 Some investigators! have questioned whether 
these estimations are appropriate for comparinz dif- 
ferent ventricles. Although this topic is still controver- 
sial our conclusions are derived from data in the same 
ventricle where this criticism should not apply. The 
stiffness constant, Ka, is stress-independent and should 
indicate changes in ventricular distensibility after 
pericardial and sternal wall closure and thus provide 
some insight into their contribution to left ventricular 
filling. 

Role of pericardium and sternum: Our findings 
support the proposition that both the pericardium and 
the sternum play a role in limiting the diastolic size of 
the heart. We demonstrated a significant decrease in 
cardiac output after pericardial and sternal closure, 
which is consistent with our prior clinical experience. 
It has long been a question whether the pericardium 
plays a role in limiting the dimensions of the left ven- 
tricle.!? Recent reports!?-'? have focused on the function 
of the pericardium in changing the diastolic pressure- 
volume relations of the left ventricle, under conditions 
of preload increase and afterload decrease. We have 
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TABLE V 
(continued) 
A: (s) EMLT (s) SYST THICK (96) 
5 6 1 2 3 4 5 6 1 2 3 4 5 6 


Left Ventricular Volume Overload (aortic insufficiency, n = 4; mitral insufficiency, n = 2) (mean values + SD) 


0.07 0.09 0.07 0.06 0.05 0.07 0.07 
+0.03 


+0.11 +0.06 
——p « 0.05— 


+0.04 +0.04 +£0.03 +0.06 


0.07 35.8 41.5 40.4 34.6 32.3 33.2 
+0.03 +13.0 +2.6 +12.1 112.7 8.3 i74 


Coronary Artery Disease (n = 6) (mean values + SD) 


0.12 0.06 0.07 0.08 0.07 0.07 0.08 
+0.02 


EUU EUV SNe Se ee SE ee O L M ŘŘŮĖ— 
septum; SD = standard deviation; SYST THICK = percent systolic thickening of the ventricular septum; At = difference of R-P and R-S. 


$0.01 +0.05 - +0.02 +0.03 +£0.03 +0.03 


Statistical significance was taken as a p value of <0.05. 


found no studies on influence of the chest wall on ven- 
tricular function in human subjects. 

The decrease in ventricular diastolic dimensions after 
pericardial and sternal closure (from stages 4 to 6) 
suggests that these events may contribute a mechanical 
restriction to left ventricular expansion. The stiffness 
constants in our study tend to confirm this view. Nine 
patients showed an increase in the stiffness constant 
and dP/dV between stages 4 and 6. The average increase 
was 13 percent in stiffness constant and 79 percent in 
dP/dV. Although we do not have serial measurements 
in all cases, it seems that both the pericardium and the 
sternum acted to increase diastolic stiffness. The larger 
decrease in cardiac output after sternal closure suggests 
that the latter may have an even larger effect than 
pericardial closure, especially in patients with volume 
overload. (Fig. 7). In these patients, velocity of cir- 
cumferential fiber shortening remained unchanged or 
increased slightly after pericardial and sternal closure 
(Fig. 7). The decrease in cardiac output that was most 
marked after sternal closure (from stage 5 to 6) cannot 
be attributed to a decrease in contractility. The peri- 
cardium and sternum appear to limit the diastolic di- 
mensions of the left ventricle and to decrease preload. 
In the heart that is already severely compromised due 
to heart disease and surgery, this increased stiffness 
appears to have a measurable effect on cardiac perfor- 
mance. 

Other factors affecting cardiac output during 
cardiac surgery: There are other factors in individual 
cases that might cause a decrease in cardiac output. 
Among these would be the technique and duration of 
cardiac arrest, the nature and dosage of anesthetic and 
other pharmacologic agents, and the development of an 
increased systemic vascular resistance. It has been our 
consistent observation that, with our techniques of 
anesthesia and myocardial protection, the cardiac 
output in the early period after cardiopulmonary bypass 
is approximately equal to that before bypass or, in pa- 
tients with valve disease, somewhat increased. However, 
by the end of operation, both in patients with coronary 
heart disease and in those with valve disease, the cardiac 
output has generally decreased.??? Because at this time 
the amount of the inhalation anesthetic agents that we 


0.05 32.5 30.4 32.3 34.0 38.0 36.8 
+0.03 +4.5 t7.1 +4.9 +3.7 $1.7. i395 


used has decreased, this is clearly not an anesthetic ef- 
fect. It is possible that there is a delayed effect of the 
cardiopulmonary bypass and cardiac arrest procedures; 
however, as we demonstrated, there is no depression of 
myocardial contractility. We generally found the sys- 
temic vascular resistance to be increased by the end of 
operation and this increase may be a contributing factor. 
However, our data indicated that, for the heart in situ, 
the myocardial wall, the pericardium and the sternum 
may all contribute to overall distensibility of the ven- 
tricle and that pericardial and sternal closure may be 
important factors in the observed decrease in cardiac 
output at the end of operation. Confirmation of this 
finding that in some cases the decrease in cardiac output 
associated with the decrease in arterial pressure was 
reversed by reopening of the pericardium or chest 
wall. 

Septal motion during and after cardiac surgery: 
An unexplained motion abnormality of the ventricular 
septum after operation has been detected with chest 
wall echocardiography.?!?2, This abnormality may 
represent an artifact due to postoperative changes in 
position or pericardial adhesions, or it may be a valid 
observation, indicating that some factor in open heart 
surgery influences the manner in which the septum 
moves, even if only on a temporary basis.?? This study 
suggests a role for the pericardium in maintaining the 
synchrony of contraction and maximal excursion of the 
posterior left ventricular wall and ventricular septum 
in cases of left ventricular volume overload. In these 
cases the pericardium should exert its greatest influ- 
ence. In patients with diastolic overload whose peri- 
cardium was opened, a shortening in the posterior left 
ventricular wall motion (R-P time) was noted accom- 
panied by a consistent delay in the ventricular septal 
motion (R-S time) (Fig. 8). 

As a result the difference of these times (At — R-P 
time — R-S time) is a minus value; this means that the 
maximal contraction of septum occurs later than that 
of the posterior left ventricular wall. After cardiopul- 
monary bypass this difference (At) was further in- 
creased (p «0.05). After pericardial closure, a reversal 
of this trend was seen. Ventricular septal contraction 
occurred significantly earlier (p <0.05), and there was 
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FIGURE 7. Increase of stiffness constant (KA) after pericardial (stage 
5) and sternal closure (stage 6) in four patients (Cases 2 to 5) with left 
ventricular volume overload in relation with mean left atrial pressure 
(LAP), end-diastolic dimension of the left ventricle (Dd), cardiac output 
(C.O.) by dye-dilution technique and velocity circumferential fiber 
shortening (Vcf). When the pericardium was closed mean left atrial 
pressure increased and end-diastolic dimension decreased with an 
increase in the stiffness constant. Cardiac output showed slight de- 
crease. After chest wall closure mean left atrial pressure remained 
elevated and a larger decrease in end-diastolic dimension was observed, 
producing a marked increase in the stiffness constant. Cardiac output 
showed a large decrease, although velocity of circumferential fiber 
shortening increased slightly. 


a marked increase (from —0.05 to 0.07) of the difference 
between the posterior left ventricular wall motion and 
the ventricular septal motion. After chest wall closure, 
the difference of the posterior left ventricular wall 
motion and the ventricular septal motion increased 
further and the difference became statistically signifi- 
cant (p «0.05). The measurements of percent systolic 
thickening during the six stages did not show any sig- 
nificant differences at any stage, and this abnormal 
septal motion appeared before cardiopulmonary bypass, 
when the pericardium was opened. Thus the delay in 
septal motion is apparently due to pericardial opening 
and this confirms that the pericardium helps maintain 
the synchronous contraction of the posterior left ven- 
tricular wall and the ventricular septum. The mecha- 
nism may be diastolic mechanical restriction by the 
pericardium of both ventricles, perhaps by way of in- 
trapericardial pressure. Alternatively, it may be sec- 
ondary to reciprocal shifts of the Frank-Starling curves 
of both ventricles in order to balance their output.!® 
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FIGURE 8. Schematic representation of the relative motion of the 
posterior left ventricular wall to the ventricular septum in two repre- 
sentative cases (Cases 1 and 5). (1) = before chest opening; (3; = after 
pericardial opening; (4) — after bypass before pericardial closure. When 
the pericardium was opened, the difference of maximal excursion of 
the posterior wall and the septum became smaller in Case 1 and even 
took a minus value in Case 5. After surgical correction, pericardial 
closure and chest wall closure, most patients showed a normal pattern 
of the ventricular septum ((1), top left). However, two patients showed 
a slightly depressed but not paradoxical motion of the septum (4, 
bottom left). 


From the viewpoint of septal motion patterns, cases 
that started without paradoxical motion ended without 
paradoxical motion even when the differences of the 
posterior left ventricular wall motion and the ventric- 
ular septal motion showed large minus values intra- 
operatively. However, in two cases (Cases 1 and 5) a 
slightly depressed motion of the ventricular septum was 
seen postoperatively (Fig. 8 bottom right panel), even 
though neither motion was actually paradoxical. The 
electromechanical latency time remained nearly con- 
stant throughout surgery. 

Implications: Transesophageal echocardiography 
is useful for the evaluation of left ventricular perfor- 
mance during open heart surgery. It provides insight 
into the physiologic function of the pericardium in in- 
fluencing septal motion and into the function of the 
pericardium and sternum in limiting left ventricular 
expansion. This technique also offers a new approach 
to continuous monitoring of ventricular performance 
during anesthesia and surgery. 
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Absent pulmonary valve leaflets and anomalous origin of a pulmonary 
artery from the ascending aorta have been reported as separate lesions 
associated with tetralogy of Fallot but not in combination. The clinical, 
radiologic and pathologic findings are presented in three patients with this 
previously undescribed combination. A search of the literature for similar 
cases revealed 233 patients with absent pulmonary valve leaflets and 
56 patients with anomalous origin of a pulmonary artery from the as- 
cending aorta; these cases are reviewed. Although 17 patients with absent 
pulmonary valve leaflets and tetralogy of Fallot also had absence of the 
proximal portion of the left pulmonary artery, none had an anomalously 
arising pulmonary artery from the ascending aorta. In the reviewed cases, 
anomalous origin of the right pulmonary artery from the ascending aorta 
was more frequent than that of the left pulmonary artery (44 compared 
with 12 cases, respectively), but the latter was more often associated 
with tetralogy of Fallot. 


Tetralogy of Fallot has been associated with several congenital cardiac 
lesions, including absent pulmonary valve leaflets, or with origin of either 
the right or left pulmonary artery from the ascending aorta. However, 
the combination of these defects with tetralogy of Fallot has not been 
previously reported, as far as we know. Absence of the pulmonary valve 
leaflets has been reported in 233 cases.!-8! Anomalous origin of the left 
pulmonary artery from the ascending aorta was reported in 12 other 
cases and of the right pulmonary artery in 44 cases. !7:84,86,89,90,92- 
11 

The purpose of this paper is to present three patients with tetralogy 
of Fallot who had the absent pulmonary valve leaflet syndrome, resulting 
in dilation of the pulmonary arteries, which produced bronchial com- 
pression. In addition, the left pulmonary artery in two of the patients 
and the right pulmonary artery in the third arose from the ascending 
aorta. 


Features of Cases 


Clinical findings: The three patients presented at Green Lane Hospital 
between 1964 and 1974 with congestive heart failure, failure to thrive and mild 
cyanosis. Cyanosis had been noted with crying in Patient 1 at age 1 week; he also 
had a cleft soft palate. Although Patient 2 was delivered after an apparently 
normal pregnancy, her birth weight was 2.4 kg; only a single umbilical artery was 
noted. A heart murmur was heard during a routine examination at age 6 weeks. 
Systolic and diastolic murmurs were noted shortly after birth in the examination 
of Patient 3, who exhibited cyanosis and breathlessness at age 3 months. Patients 
2 and 3 had frequent respiratory infections. 
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FIGURE 1. Chest roentgenograms of Patient 1 (anomalous origin of left pulmonary artery) at age 4 days (a) showing cardiomegaly and pulmonary 
plethora on the left and oligemia on the right, and at age 1 month (b) showing increased cardiomegaly and partial collapse of the right lung with 
right upper lobe consolidation. The asymmetry of pulmonary vasculature persists. 


Physical examination revealed full and jerky pulses in the 
three patients together with continuous or ejection and early 
diastolic murmurs. 

Patient 1 died from “inhalation pneumonia" 4 hours after 
admission to hospital at age 1 month. Patients 2 and 3 were 
admitted to the hospital at 2 and 3 months of age, respectively, 
and their diagnoses were established with cardiac catheter- 
ization and cineangiography. Patient 2 made reasonable 
progress after discharge from hospital until age 8 1/2 months, 
when she died suddenly at home after a “chest cold." 

Patient 3 was severely ill and required assisted ventilation 
because of respiratory distress due to bronchiolitis and 
pneumonia before surgical correction was undertaken. The 
repair was performed utilizing profound hypothermia!” at 
age 4 months. The right pulmonary artery was detached from 
the ascending aorta and anastomosed to the main pulmonary 
artery. The ventricular septal defect was closed with a T'eflon* 
patch and a portion of the subpulmonary conal muscle ex- 
cised. The right ventricular outflow tract incision was carried 
across the pulmonary ring to the left pulmonary artery and 
a valved aortic homograft conduit inserted. The patient died 
36 hours postoperatively with low cardiac output and severe 
pulmonary infection. 

Chest roentgenograms: Cardiomegaly was present in all 
three patients (Fig. 1 and 2). The lung vasculature was 
asymmetric, with increased perfusion on the side supplied by 
the anomalously arising pulmonary artery (Fig. 1 and 2). The 
aneurysmally dilated right or left pulmonary arteries were 
visible in Patients 2 and 3 (Fig. 2, a and b). 

Electrocardiograms: The electrocardiograms in all three 
patients showed right axis deviation (-- 120?) and combined 
ventricular hypertrophy. 

Cardiac catheterization: Cardiac catheterization studies 
performed in Patients 2 and 3 revealed arterial desaturation 
(11 and 83 percent, respectively). A gradient of 38 and 41 mm 
Hg, respectively, was present across the right ventricular 
outflow tracts. The right ventricular systolic pressure was at 
systemic levels. In Patient 2 the anomalously arising left 
pulmonary artery was not entered from the ascending aorta. 
In Patient 3 a gradient of 7 mm Hg was noted across the origin 


of the right pulmonary artery, which arose from the ascending 
aorta. 

Cineangiocardiographic findings: The cineangiocardi- 
ograms in Patients 2 and 3 showed narrowed pulmonary rings 
with no evidence of pulmonary valve leaflets (Fig. 3a and 4, 
a and b). The right pulmonary artery in Patient 2 and the left 
pulmonary artery in Patient 3 were severely dilated. The conal 
septum was deficient in Patient 2 (Fig. 3a), whereas dis- 
placement and hypertrophy of the conal septum produced 
infundibular narrowing in Case 3 (Fig. 4a). The origin and 
proximal portion of the left pulmonary artery, which arose 
from the ascending aorta, was narrowed in Patient 2 (Fig. 3b) 
and the origin of the anomalous right pulmonary artery was 
mildly narrowed in Patient 3 (Fig. 4 c and d). 

Anatomic findings: The pertinent necropsy findings were 
confined to the heart arteries and great arteries. The three 
patients had situs solitus of the atria, ventricular d-loops, 
normally related great arteries and findings compatible with 
a diagnosis of tetralogy of Fallot (Fig. 5 to 7). The aortic, mitral 
and tricuspid valves and the coronary arteries were normal. 

A subaortic, moderate-sized ventricular septal defect was 
present above the septal band?! (Fig. 5 and 6). In Patient 2 
the conal septum was markedly deficient and measured only 
1.5 mm from the pulmonary ring to its lower edge (Fig. 6, b and 
c). The poorly expanded right ventricular outflow tract 
measured 5 by 7 mm in internal diameter. Although the aortic 
valve overrode the right ventricular cavity, there was direct 
fibrous continuity between the anterior leaflet of the mitral 
valve and the left coronary and noncoronary aortic valve 
leaflets. 

Subpulmonary infundibular narrowing was present in 
Patients 1 and 3 because of anterior and leftward displace- 
ment of the conal septal end of the parietal band (Fig. 5b). In 
Patient 1 deficiency of the right posterior division of the septal 
band allowed the ventricular septal defect to extend to the 
tricuspid valve. 

The pulmonary valve leaflets were absent. A narrow, fi- 
brous ridge or small nubbins of fibrous tissue were present in 
the narrowed pulmonary rings, which measured 7, 9 and 11 
mm, respectively, in external diameter. (Fig. 5b, 6, b and c, and 
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FIGURE 2. a, Patient 2 (anomalous origin of left pulmonary artery). Chest roentgénogram taken at 2 months of age shows cardiomegaly, markedly 


enlarged right pulmonary artery with oligemia peripherally and collapse of the right upper lobe. Left pulmonary vasculature seems norrnal. b, Patient 
3 (anomalous origin of right pulmonary artery). Chest roentgenogram at 11 weeks of age shows a markedly dilated left pulmonary artery with left 


peripheral oligemia and right pulmonary plethora. 


7). The rings were 2 to 3 mm above the junction of the right 
ventricle with the pulmonary trunk. The pulmonary trunks 
were relatively hypoplastic and then expanded into a single, 
aneurysmally dilated pulmonary artery: The right pulmonary 
artery in Patients 1 and 2 (external diameter 13 and 20 mm, 
respectively) and the left pulmonary artery in Patient 3 (ex- 
ternal diameter 23 mm) (Fig. 5b, 6c and 7). 

The anomalous left pulmonary artery arose from the as- 
cending aorta 6 and 7 mm above the aortic valves in Patients 
1 and 2, respectively. The narrowed ostium of the left pul- 
monary artery in Patient 2 measured 1.5 to 2 mm in internal 
diameter and the left pulmonary artery was narrowed for 5 








mm beyond its origin (Fig. 3b and 6a). In Patient 1 a fibrous 
strand extended from the base of the left pulmonary artery 
to the pulmonary trunk (Fig. 5c). 

The aortic arch was right-sided in Patient 1 and left-sided 
in the other two patients. Aberrant subclavian arteries were 
present in Patients 1 and 2. A ductus arteriosus or ligamentum 
arteriosum could not be identified at either the aortic or pul- 
monary arterial ends in any of these cases. 

The right bronchus was compressed by the markedly di- 
lated right pulmonary artery in Patient 2 and the left main 
bronchus was compressed by the dilated left pulmonary artery 
in Patient 3. 


t pg? een 
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FIGURE 3. Patient 2. Cineangiocardiographic frames. a, right ventricular (RV) injection, right anterior oblique (R.A.O.) projection. Marked hypoplasia 
of the conal septum (C), a moderate-sized infundibular chamber (Inf.), narrowed pulmonary ring (arrow) and dilated right pulmonary artery (RPA) 
are seen. No pulmonary leaflets can be identified. Some right to left flow through the ventricular septal defect faintly fills the aorta (Ao.). b, ascending 
aortogram (Ao.) left anterior oblique (L.A.O.) projection (venous catheter through ventricular septal defect). Aortogram identifies the right (rca) 
and left (Ica) coronary arteries, and the left pulmonary artery (LPA), moderately stenotic proximally, arising from the leftward posterior aspect of 


the mid ascending aorta. The aortic arch is on the left. 
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Histologic findings: Medial hypertrophy of the small 
pulmonary arteries was noted in the left lung in Patient 1, 
where the ratio of the media to the external diameter of the 
vessels was 19 percent compared with 6 percent in the right 
lung. The media-diameter ratios in the two lungs were similar 
in Patient 2 (right lung 13 percent, left lung 10 percent) and 
Patient 3 (right lung 16 percent, left lung 19 percent). Intimal 
cell proliferation was present in some small pulmonary arteries 
in the right lung in Patient 3, but not in the other patients. 

Sections of the right pulmonary arteries in Patients 1 and 
2 showed the transitional type of elastic fiber configuration!?? 
in association with thin and infrequent elastic fibers in the 
anomalous left pulmonary arteries. In Patient 2 the stenosis 
of the anomalously arising left pulmonary artery probably 
prevented the persistence or development of the "aortic" type 
of elastic fiber configuration. In Patient 3 the left pulmonary 
artery showed the transitional type, whereas the anomalously 
arising right pulmonary artery had the aortic type of elastic 
fiber configuration. These histologic findings are inconclusive 
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because the absent pulmonary valve leaflets associated with 
tetralogy of Fallot alter the results in these patients with an 
anomalously arising pulmonary artery. Similarly, the origin 
of one pulmonary artery from the ascending aorta alters the 
expected findings in patients with absent pulmonary valve 
leaflets. 

Histologic study of the lung in the three patients revealed 
bronchiolitis ranging from mild in Patient 2 to a necrotizing 
bronchiolitis and bronchopneumonia in Patient 3. Areas of 
atelectasis were noted in Patients 1 and 2 and some congestion 
was also present in Patient 2. 


Review of the Literature 


Absent Pulmonary Valve Leaflets 


Chevers!? in 1848 cited the first case reports of absent 
pulmonary valve leaflets by Crampton!? in 1830 and Favell?? 
in 1842. Since then, reports of 231 further cases have been 
published!-?! and 12 additional cases have been seen at Green 





É 
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FIGURE 4. Patient 3. Cineangiocardiographic frames. a, right ventricular (RV) injection in right anterior oblique (R.A.O.) projection. The conal septum 
(c) is slightly hypoplastic and displaced as in tetralogy of Fallot, with some flow through the ventricular septal defect to the aorta (Ao). A dilated 
infundibular chamber (Inf.) leads to the dilated left pulmonary artery (LPA). b, Left pulmonary arteriogram in left anterior oblique (L.A.O.) projection. 


The stenotic pulmonary ring (arrow) is well profiled between the infundib 


ulum and the dilated left pulmonary artery. No pulmonary leaflets are visible. 


The right ventricle partly fills by pulmonary regurgitation. c and d, ascending aortogram in R.A.O. (c) and L.A.O. (d), projections. Right pulmonary 
artery (RPA) arises from the leftward posterior aspect of the mid ascending aorta (Ao). There is a left aortic arch with normally arising brachiocephalic 


arteries. 


July 1980 The American Journal of CARDIOLOGY Volume 46 109 


VARIANT OF TETRALOGY OF FALLOT—CALDER ET AL. 


Lane Hospital (excluding the 3 in the present report). These 
12 cases include 10 with tetralogy of Fallot, including 1 with 
situs inversus and dextrocardia, 1 with tricuspid atresia and 
1 with isolated absent pulmonary valve leaflets. 

We have analyzed these 245 cases, which do not include 
patients with other types of congenital pulmonary incompe- 
tence, or with dysplastic pulmonary valves without dilatation 
of the pulmonary arteries, or patients whose diagnosis of 
pulmonary incompetence was based only on clinical findings 
or pressure data at cardiac catheterization. The diagnosis was 
established at postmortem examination in 113 cases, at sur- 
gery in 75 and with cardiac catheterization and angiography 
in 54; in 3 patients the method of documentation is un- 
known.574 

With respect to sex, this anomaly was rather equally dis- 
tributed: 91 were male and 81 female in the 172 cases in which 
gender was stated. The age at death, known in 109 cases, 
ranged from 30 minutes to 73 years (median 6.5 months; av- 
erage 59 months). If the surgically treated patients are ex- 
cluded, the median age at death was 3 months (average 47.9 
months). 


Only six patients (2.4 percent) with absent pulmonary valve 
leaflets had no associated cardiac anomalies.19.29.49,55,68 Un- 
commonly associated cardiac defects were secundum type of 
atrial septal defect in one,!! hypoplasia of the right ventricle 
in one,?? double outlet right ventricle in three!9.18.7! and tri- 
cuspid atresia in five.?24156 The ventricular septum was intact 
in only eight cases. 11,19.25,29,49,55,68 

Tetralogy of Failot or ventricular septal defects were 
present in 228 of the patients (93.1 percent) with absent pul- 
monary valve leaflets: tetralogy of Fallot in 185 (75.5 percent) 
and ventricular septal defect in 35 (14.3 percent); in 8 cases 
it was not possible to decide whether tetralogy of Fallot or only 
a ventricular septal defect was present. Aberrant origin of a 
pulmonary artery from the ascending aorta was not present 
with absent pulmonary valve leaflets in any of these 245 pa- 
tients,1-9! 

Absent origin of the left pulmonary artery: Seventeen 
cases of tetralogy of Fallot and absent pulmonary valve leaflets 
were reported in which the origin of the left pulmonary artery 
was absent. 17.18,31,35,40,43,45-47,53,58,69,72,73,80 The blood supply 
to the left lung was probably through a patent ductus arteri- 








FIGURE 5. Patient 1. Heart specimen. a, frontal view 
showing the left pulmonary artery (LPA) arising from 
the ascending aorta (Ao) and passing anteriorly to the 
dilated right pulmonary artery (RPA) to reach the left 
hilum. The aortic arch is right-sided. b, opened right 
ventricle (RV) showing the ventricular septal defect 
(VSD), the displaced conal septum (CS) producing 
subpulmonary infundibular stenosis and only fibrous 
tags of tissue in the narrowed pulmonary ring (Rinc). 
The right pulmonary artery is dilated. c, superior ex- 
ternal view with the ascending aorta pulled forward 
to show the fibrous strand (arrow) that extended from 
the origin of the left pulmonary artery to the right 
pulmonary artery. LAA = left atrial appendage; LV = 
left ventricle; RAA = right atrial appendage; Tr = 
trachea; TV = tricuspid valve. 
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osus connecting to the distal left pulmonary artery in five 
patients?13545/7380 and perhaps through pulmonary collateral 
channels in the others, although this was not always stated. 
We know of no reported case of absent pulmonary valve 
leaflets in which the proximal portion of the right pulmonary 
artery was also absent. 

Surgical management: The variety of surgical procedures 
utilized (excluding those from Green Lane Hospital) are listed 
in Table I. The majority of the palliative procedures were 
performed in infants under 2 years of age and the mortality 
rate was 69 percent. Corrective procedures were performed 
in 85 patients. Four (66 percent) of the six patients less than 
1 year of age died compared with 32 percent of the patients 
over 2 years of age.  _ 

A valve was inserted in the pulmonary anulus in 16 patients 
(12.5 percent mortality rate) who were over 3.5 years of age 
at the time of operation (Table I). An aortic homograft valve 
was used in six!!,37,50,78 and a glutaraldehyde-preserved por- 
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cine aortic valve in four.144447,7? The type of valve was not 
stated in six.?? 

Seven patients with absent pulmonary valve leaflets and 
tetralogy of Fallot underwent surgery at Green Lane Hos- 
pital. Two patients, aged 7 and 14 months, respectively, died 
in the hospital. One had a patch tract inserted across the 
pulmonary ring to enlarge the right ventricular outflow and 
the other underwent insertion of a valved aortic homograft 
conduit. The other five patients ranged in age from 2.5 to 46 
years. Although two had partial formation of a pulmonary 
leaflet, they are included in this series because they had other 
features of the syndrome including markedly dilated pulmo- 
nary arteries. One of these five had, in addition to repair of 
both the ventricular septal defect and pulmonary infundibular 
stenosis, excision of anterior portions of the dilated pulmonary 
arteries and insertion of an aortic homograft valve, one un- 
derwent insertion of a right ventricular outflow patch and two 
underwent enlargement of the pulmonary ring by incision. 


FIGURE 6. a, Patient 2. Heart specimen. Frontal view shows the narrowed origin of the left pulmonary artery (LPA) arising from ascending aorta 
(Ao). The aortic arch is left-sided. LAA = left atrial appendage; LAD = left anterior descending artery; LV = left ventricle; PV = pulmonary vein; 
RPA = right pulmonary artery. b, opened right ventricle (RV). The aortic valve (AoV) can be seen through the ventricular septal defect (VSD). The 
conal septum (CS) is deficient and the pulmonary valve leaflets are represented by only a fibrous ridge in the pulmonary ring (Ring). TV = tricuspid 
valve; other abbreviations as in a. c, Patient 2. Frontal, superior, close-up view of opened infundibulum (Inf), narrowed pulmonary ring (Ring) with 
absent leaflets and aneurysmally dilated right pulmonary artery (RPA). 
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The 46 year old patient, who did not have any interference 
with the adequate pulmonary ring, died 3.5 years postopera- 
tively. 


Anomalous Origin of Left Pulmonary Artery From 
Ascending Aorta 


Twelve cases of anomalous origin of the left pulmonary 
artery from the ascending aorta were reviewed.82-92 The di- 
agnosis was established at postmortem examination in four 
patients,94^97,89,99 who ranged in age from newborn to 9 
months. The diagnosis was confirmed at operation in 
five92,83,85,889? and with angiocardiography in three.8&9! 

Tetralogy of Fallot was present in six patients (50 percent, 
Table II). The pulmonary valve in the case of Robin et al.87 
was described as a single flap of endothelium. However, be- 
cause the right pulmonary artery and pulmonary trunk were 
hypoplastic, this is not considered a case of absent pulmonary 
valve leaflets with aneurysmally dilated pulmonary arteries. 
Tetralogy of Fallot was present in four of the eight patients 
with a right-sided aortic arch. 

Successful surgical correction was performed at age 6 weeks 
to 7 years (average 2.9 years) in five patients with detachment 
of the left pulmonary artery from the ascending aorta and 
attachment to the pulmonary trunk.92,83,85,88,92 


Anomalous Origin of the Right Pulmonary Artery From 
Ascending Aorta 


Forty-four cases of origin of the right pulmonary artery from 
the ascending aorta were reviewed.17,84,86,89,92-119 The diag- 


N 
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mgr Patch 


FIGURE 7. Patient 3. Postoperative specimen. Opened right ventricular 
infundibulum (Inf), pulmonary ring (Ring) and aneurysmally dilated left 
pulmonary artery (LPA). The aortic homograft valve conduit has been 
removed. The right pulmonary artery (RPA) is anastomosed to the 
pulmonary trunk. No pulmonary valve leaflet tissue is seen in the pul- 
monary ring. Patch = Teflon patch used to close the ventricular septal 
defect. 
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nosis was confirmed by postmortem examination in 28 pa- 
tients (aged 53 hours to 25 years, median 2 months), at oper- 
ation in 13 and with angiocardiography in 3. 

A patent ductus arteriosus was the only associated cardiac 
anomaly in 25 patients (56 percent); however, three patients 
were less than 1 month old and the patent ductus may not be 
a significant lesion in this age group. A further 12 patients had 
no intracardiac defects. Infrequently associated lesions are 
listed in Table II. The aortic arch was left-sided in the 37 cases 
in which this information was available. 

Surgical correction by detaching the right pulmonary 
artery from the ascending aorta and attaching it to the pul- 
monary trunk was performed in 15 patients at ages ranging 
from 7 weeks to 23 years (median 4.5 months and average 3.5 
years [3 hospital deaths|). A synthetic conduit, inserted be- 
tween the right pulmonary artery and pulmonary trunk in 
eight patients, was positioned anterior to the ascending 
aorta54,93,94,97,105,109,114,118 in contrast to the posterior position 
when the right pulmonary artery was anastomosed directly 
to the pulmonary trunk.®6.98,101,107,108,117 Four additional 


patients died after palliative or incomplete proce- 
dures. 96,100,115,116 


Discussion 

Absence of the pulmonary valve leaflets is not rare. 
In 98 percent of the 245 reviewed cases the anomaly was 
associated with tetralogy of Fallot or a ventricular septal 
defect. The reported incidence of absent pulmonary 
valve leaflets in series of cases of tetralogy of Fallot 
ranges from 2.4? to 6.338 percent. Although 17 cases of 
tetralogy of Fallot and absent pulmonary valve leaflets 
were associated with absence of the origin of the left 
pulmonary artery, none was associated with absence of 
the origin of the right pulmonary artery. 

Anomalous origin of the right pulmonary artery from 
the ascending aorta was reported more frequently than 
was that of the left pulmonary artery. However, in the 
latter instance 50 percent (6 of the 12 cases) were asso- 
eiated with tetralogy of Fallot compared with 4.6 per- 
cent (2 of 44 cases) of those with an anomalously arising 
right pulmonary artery (Table II). In no previous case 


has the syndrome included absent pulmonary valve 
leaflets. 


Diagnosis 


The diagnosis of the unusual combination of defects 
(tetralogy of Fallot, absent pulmonary valve leaflets and 
origin of one pulmonary artery from the ascending 
aorta) seen in three patients could be suspected clini- 
cally. The systolic and diastolic murmurs in a mildly 
cyanotic patient suggest absent pulmonary valve leaflets 
with tetralogy of Fallot. The aneurysmal dilatation of 
the hilar pulmonary arteries on the chest roentgeno- 
grams would also be compatible with this diagnosis (Fig. 
2). Full and jerky pulses point to an aorto-pulmonary 
communication. The inequality of the size of the hilar 
pulmonary arteries and the asymmetry of the peripheral 
pulmonary vasculature with oligemia on the side of the 
dilated arteries imply separate origins of the pulmonary 
arteries. Confirmation of the diagnosis requires 
cineangiocardiography (Fig. 3 and 4). 


Anatomic Features 


Right-sided aortic arch: The aortic arch was 
right-sided in Patient 1 and in 39.4 percent of the 109 
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TABLE | 
Summary of Surgical Management for Reported Cases of Absent Pulmonary Valve Leaflets 
Mortality 
Rate 
Procedure References Patients (n) (96) 
Thoracotomy 29,49,75 3 67 
Lobectomy 4,7,35,42,50 5 40 
Systemic to PA shunt 18,21,77 5 60 
Pulmonary valvotomy 7,18,42,54,70 7 100* 
Aneursmorrhaphy of dilated PA 4,35,49,54 7 57 
Suspension of PA to relieve bronchial 4,42 2 50 
compression 
Reimplantation of PA 31,39,74 5 20 
Closure of VSD | 12,17,35,49,52,53,75,79 8 12.5 
Closure of VSD plus Inf resection 3,4,13,18,26,28,31,40,42, 40 40 
58,64,68,70,72,77 
ONE of VSD, Inf resection and insertion of RVOT 9,53,69,72,79 21 24 
patc 
Repair plus valve insertion 14,28,37,44,47,50,72,78 15 13.3 
ASD closure plus valve insertion 11,81 1 0 


AVD GIOSUIG pius VaiVO TISSUS ima 


* Five late deaths, four after further surgery. 


ASD = atrial septal defect; Inf = infundibular; PA = pulmonary artery; RVOT = right ventricular outflow tract; VSD = ventricular septal de- 


fect. 


reviewed cases with absent pulmonary leaflets in which 
the side of the arch was stated. The incidence of right- 
sided aortic arch was 27 percent in our necropsy series 
of 92 cases with tetralogy of Fallot, excluding the three 
cases in this report. 

Absent ductus arteriosus: The ductus arteriosus 
was absent in our three cases. Emmanouilides et al.?! 
noted a similar finding in their four cases of tetralogy 
of Fallot with absent pulmonary valve leaflets. This may 
be coincidental because the status of the ductus in the 
reviewed cases was seldom stated. In our necropsy study 
of 64 cases of tetralogy of Fallot and 28 of tetralogy of 
Fallot with pulmonary atresia, the ductus was absent 
in 15 and in 10 cases, respectively (that is, 25 of 92 cases, 
27 percent). | 

Deficient conal septum: The conal septum in Pa- 
tient 2 and in the first patient of Layton et al.37 with 
absent pulmonary valve leaflets was deficient (Fig. 3a 
and 6b). The resultant type of ventricular septal defect 


TABLE Il 


is not the typical defect seen in tetralogy of Fallot be- 
cause it extends to varying degrees in a more antero- 
superior direction, in closer proximity to the pulmonary 
valve. Nevertheless, if associated with other features of 
tetralogy of Fallot, the case should be considered to be 
a variant of tetralogy of Fallot.?? The incidence of this 
variant was 11.8 percent in our necropsy series of te- 
tralogy of Fallot. 

Terminology: The origin of a pulmonary artery from 
the ascending aorta (proximal to the origin of the bra- 
chiocephalic arteries) probably differs embryologically 
from absence of a proximal portion of pulmonary artery 
with the distal pulmonary artery arising from a ductus. 
We prefer to call these latter cases absent origin of the 
right or left pulmonary artery rather than absence of a 
pulmonary artery, a term that should be reserved for 
absence of the entire branch. Sotomora and Edward?? 
stressed the need for a careful search before excluding 
the presence of a pulmonary artery. Usually the so- 


Summary of 56 Reported Cases of Origin of Pulmonary Artery From Ascending Aorta 








Left Pulmonary Artery Right Pulmonary Artery 
96 References n 96 References 
lt Qs ps MM EM LLLA n A EDEN M MM EE 
Cases (n) 12 44 
Associated cardiac lesions (n) 5 42 82,83,88,91,92 9 20 Mm MEVS 104, 
x 
Associated cardiac defects 
Tetralogy of Fallot 6 50 84-87,89,90 2 4.6 108,112 
Ventricular septaw defect 2 4.6 101,110 
Pulmonary stenosis 1 8 91 
Aorticopulmonary window 2 4.6 102,105 
Interrupted aortic arch 2 4.6 106 
Coarctation of aorta 1 2.3 84 
LPA from descending aorta 1 2.3 96 
Patent ductus arteriosus 1 8 83 25 56 17,84,86,89,90,92-95, 
97—-99,104,107,109, 
113,119 
Right-sided aortic arch 8 75 82-84,88-92 
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LPA = left pulmonary artery. 
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called “absent” right or left pulmonary artery is actually 
present and supplied either by the ductus arteriosus or 
by collateral vessels. 


Management 


The pathologic problems in our three patients are 
potentially surgically correctable: The tetralogy type 
of ventricular septal defect can be closed with a pros- 
thetic patch; infundibular stenosis, if present, can be 
excised; the narrowed pulmonary ring can be enlarged 
by insertion of a pericardial patch; and the anomalously 
arising pulmonary artery can be anastomosed to the 
pulmonary trunk. 

The dilemma in management of patients with ab- 
sent pulmonary valve leaflets occurs in infants with 
respiratory problems related to bronchial compres- 
sion.” The surgical mortality rate is formidable (66 
percent), but the median age at death in nonsurgically 
treated patients is 3 months. Pinsky et al.5? stated that 
repair in infancy does not relieve the respiratory 
symptoms and advocate vigorous continued respiratory 
therapy for infants and small children. However, two 
of their three infants managed in this manner required 
a total of 21 hospital admissions before the age of 16 
months. It is possible that surgical treatment could in- 


clude plication or excision of portions of the dilated 
pulmonary arteries, if these are producing bronchial 
compression, in addition to repair of the associated 
defects. 

Controversy exists regarding the need to insert a 
valve in the pulmonary ring in cases with absent pul- 
monary valve leaflets. Pinsky et al.53 do not recommend 
it; Stafford et al.7? are concerned about the long-term 
complications of valve insertion and they conclude that 
further experience is needed to determine the exact role 
of a valved conduit in the treatment of these cases; and 
Ilbawi et al.?8 and Layton et al.?7 recommend valve in- 
sertion. At present we favor the insertion of a homograft 
aortic valve conduit in young patients, particularly in 
those with elevated pulmonary arterial pressure and in 
those with cardiomegaly and congestive heart failure 
secondary to increased pulmonary blood flow. The 
provision of a competent outflow valve in the right 
ventricle may improve the function of this ventricle and 
hence increase hospital survival. 


Addendum 


Since this manuscript was prepared, we have become aware 
of four additional cases of absent pulmonary valve leaflets and 
tricuspid atresia.1?3.124 
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edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 


hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochioride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
conti aued with Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1 3 of standard procainamide hydrochloride 
followed thereafter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SA is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
detemmined on an individual basis, the following 
may be used as a guide for providing the total daily 
dosage: patients weighing less than 55 kg (120 Ib), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atria! fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommenced until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maintenance may then be continued with 

Procon SR. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may 5e followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochloride may then be given ata 
dosage of 0.5 g to 1 c every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occcsionally to determine the need for the drug. 


HOW SUPPLIED 

N 0071-0202 Procan SR 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored toblet contains 500 mg procoin- 
amide hydrochloride. Available in bottles of 

100 toblets. 
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This comprehensive work covers every aspect of exercise and its 
role in Diagnosis, Treatment, and Prevention of cardiac dis- 
ease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

[] Nuclear cardiology 

O Computer analysis of the exercise ECG 

[] Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


"The list of contributors bespeaks its authority: outstanding physicians in cardiovascular medi- 
cine and distinguished physical educators ... No serious student or practitioner in the field 
would wish to be without this remarkably thorough account . 


David H. Spodick, MD, St. Vincent Hospital, Worcester, Mass. in The Journal of the American Medical 
Assoc., June 16, 1978, Vol 239, No. 24 


"Many areas in this field which have not as yet been addressed under one cover and a few rather 
unique ones are mentioned . .. an important synthesis of our current knowledge in the field." 


Harold T. Mankin, MD, Division of Ca/lliedicuhht Diseases and Internal Medicine, Mayo Clinic Proceedings, 
May 1978 
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Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE at 
$33.00. | may use the book for 30 days and if not completely satisfied, return it for full refund or 
credit. 
O Payment encicsed, publisher pays shipping 
O Charge my credit card Expire date 
O Master Charge O Visa 
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We're proud to introduce 


MVICROI RIN 


to you as the first phase 
in our pacing program 
for the future. 


MICROTHIN-D1 gives you the best features available in ventricular 
demand pacing . . . unexcelled reliability after seven years of lithium 
pacing experience, plus carefully engineered product refinements 

developed through CPI's dedication to pacing perfection. 


MICROTHIN-P1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up. 


EASY TO PROGRAM. It's a challenge to design a programming 
system that's easy to use. But CPI turns challenge into precedent- 
setting products and thus MICROTHIN-P 1 is unequalled in program- 
ming ease. A programming sequence is completed in just 2.5 
seconds. 
EASY TO FOLLOW-UP. We've simplified your follow-up routine by 
taking the inaccuracy out of the replacementindicator. You don't 
need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your patients, simply replace 
MICROTHIN-P 1 at a magnet rate of 85/'ppm. 
PATIENT-ORIENTED OPTIONS. MICROTHIN-P 1 provides 90 
rates between 30 and 119. . .20 odtput choices from low diagnostic 
to high output. . .so your care fof each patient can be individualized. 
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2-YEAR WARRANTY EXTENSION 
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Cardiovascular Drug Research 


Our prominent Pharmaceuticals Division has an exceptional career opportunity working on unique 
studies in Cardiovascular Drug Research for a well-trained Cardiologist or a Physician nearing 
the completion of a Residency or Fellowship Program in Cardiology. However, we will consider 
a candidate with Board Certification or eligibility in a related discipline, with current exposure in 


the field of Cardiology. 


Working in a sophisticated environment, this position offers interaction with leading academic 
physicians, as well as the opportunity for significant personal and professional achievement and 
recognition. No previous experience is required. 


Interested, qualified physicians are requested to send detailed Curriculum Vitae including salary 
history and requirements, in strict confidence to: Mr. C. R. Grupe, Employment Manager, The 
Pharmaceuticals Division of CIBA-GEIGY Corporation, 556 Morris Avenue, Summit, New Jersey 
07901. We are an equal opportunity employer/ma!e and female. 
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Fes T PAPAE RECAP DCN 


— * current consensus favors higher 
dosage 
* offers new convenience for 
appropriate titration of dosage 
* highly stable tablets for aborting 
or preventing angina pectoris 
attacks 


* acts almost as fast as nitroglyc- 
erin...action lasts up to 2 hours 


m" 


ISORDIL SUBLINGUAL di 


SUBLINGUAL TABLETS: 
J2 o mg. 5 mg. and now—10 mg 


Usual dosage: one 10-mg tablet every 2-3 hours or prn 


after starting at lower dose 


*Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and /or other information. FDA has 
classified the indications as follows: 

"Probably" effective: When taken by the sublingual or chewable route 


Isordil Sublingual and Chewable Tablets are indicated for the treatment of 
acute anginal attacks and for prophylaxis in situations likely to provoke 
such attacks. 

Final classification of the less-than-effective indications requires further 
investigation 


Contraindication: Idiosyncrasy to this drug. 
Warnings: Data supporting the use of nitrites and nitrates during the early 


days of the acute phase of myocardial infarction (the period during which clin- 


ical and laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 


© 1980 Ives Laboratories Inc 





Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a physio- 
logical antagonist to norepinephrine, acetylcholine, histamine, and many other 
agents. An occasional individual exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nausea, vomiting, weakness, restless- 
ness, pallor, perspiration and collapse) can occur even with the usual thera- 
peutic dose. Alcohol may enhance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing 
May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. Joes), 


New York, NY 10017 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH bs ee. 


While other 
‘thin pacemakers 


ThinLith. The original thin, lightweight 
pacemaker that continues to set standards for the 


industry, worldwide. Since mid-1977, when Intermedics 


pioneered the thin pacemaker, many competitors have 
followed with their own versions. 


INTERMEDICS PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse generators may be indicated for 
long-term treatment of impulse formation and conduction disorders resulting i in symp- 
tomatic bradyarrhythmias, tachyarrhythmias, and heart block unresponsive to drug 
therapy. 

PRECAUTIONS Implanted pacemakers have a finite and relatively wide variable ser- 
vice life as a result of factors such as the initial capacity of the battery and the shelf stor- 
age time of the manufactured pacemaker; variations in electrode system resistances, 
stimulation rate, and the percentage of time the implanted pacemaker is inhibited; and 
random electronic component failures. 





But while they were playing catch-up, the 
ThinLith pacemaker was acquiring a 3-year record ¢ 
real time clinica! experience im vivo. No other thin 
pacemaker commercially available in the U.S. today 
can match this record. 


Pacemaker operation can be influenced by electric, magnetic, or electromagnet 
energy mimicking normal cardiac activity. In addition, certain environmental source 
can couple sufficient energy into a pacemaker system to damage the pulse genera 
Specifically, diathermy should nct be used on pacemaker patients because of poss 
total inhibition of the pulse generator; electrocautery can inhibit and/ordamage the 
pacemaker as well as cause burns or possible ventricular fibrillation; cefibrillation c 
damage the pacemaker, and the presence of the pacemaker may cause increased 
cardiac muscle damage from defibrillation. Certain electrical and gasoline-powere: 
appliances can cause inhibition of an implanted cardiac pacemaker system. 


TIL ELUNVEE 
building a 
3-year record of 
roven performance. 


CMOS Model 229-01 


oy 
lntermedics Inc. 
FREEPORT, TEXAS 


ThinLith M$ 





The ThinLith pacemakers remain among the to you with stimulation rates from 60 to 100 ppm and 
smallest and lightest on the market. Their proven record ^ universal connector which accepts most pacing leads 
of performance and reliability means that vou and your without an adapter. 
patient can count on them year after vear. For more information, contact your Intermedk 

Intermedics ThinLith pacemakers are available Representative, or call us toll-free at 800-231-2330. 


Lt] 
For complete precautions, see the Physician's Manual for the Intermedics cardiac a [2 
pulse generator to be used. fi IC NC 
CONTRAINDICATIONS AND SIDE EFFECTS There are no known contraindications to erm P 
the use of pacemakers as a medical method for control of heart rate. Body rejection 


phenomena, local tissue reaction or skin necrosis, muscle and nerve stimulation, em- PO. Box 617 Freeport, Texas 77541 
bolism, and cardiac tamponade have been reported. 
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Attuned to patient needs Fewer discordant side effects 


Administered concomitantly, 
Apresoline plus a beta blocker and 
diuretic constitute a harmoniously bal- 
anced therapeutic regimen—both from 
the standpoint of their antihypertensive 
properties and side effects. 

As a vasodilator, Apresoline corrects 
the arteriolar vasoconstriction almost 
invariably present in long-standing 
hypertension. On the other hand, beta 
blockers specifically lower heart rate 
and cardiac output, which tend to rise 
through reflex action with vasodilation. 
The diuretic compensates for the ten- 
dency of vasodilators to retain sodium 
and extracellular fluid. 


After a diuretic... 





Apresoline avoids many of the 
problems associated with some adrenergic 
inhibitors. Sexual dysfunction, drowsi- 
ness, lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 

As with any antihypertensive agent, 
use with caution in patients with ad- 
vanced renal damage. Contraindicated 
in coronary artery disease. 


resoline & 
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the beta blockers 


Please turn page for brief prescribing information. 


C 1B 





Apresoline® hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine: coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continuec unless the benefit-to-risk determination 
requires Continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary, 

Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically durirg prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are a so indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 





Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
Cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, thérefore, be used with caution in patients 
with suspected coronary artery disease. 

The "hyperdynamic' circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example :s that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In seme instances im- 
proved renal function has been ncted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop 

Blood dyscrasias, consisting af reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 
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The Apresoline tablets (10 and 100 mg; contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
aliergic-type reactions (including bronchial asthma) 
in certain susceptiEle individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
some cases it may be necessary to discontinue the 
drug. 

Common: Headache; palpitations; anorexia: 
nausea; vomiting, diarrhea; tachycardia; angina 
pectoris 

Less frequent: Nasal congestion: flushing: lacrima- 
tion. Conjunctivitis; peripheral neuritis, evdenced 
by paresthesias, numbness, and tingling. edema; 
dizz: ness; tremors; muscle cramps; psychotic reac- 
tions characterized by depression, disorientation, 
or aaxiety; hypersens tivity (including rash, ur- 
ticana, pruritus, fever, chills, arthralgia, eosin- 
ophilia, and, rarely, hepatitis); constipation: 
difficulty in micturition dyspnea; paralytic ileus: 
lympnadenopathy; spienomegaly; blood dys- 
Crasias, consisting of reduction in hemoglobin and 
red call count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response 

DOSAGE AND ADMINISTRATION 

Initiate therapy in gradually increasing dosages; 
adjus! according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels 

The incidence of toxic reactions, particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresaiine combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 
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The efficacy of propranolol used twice daily versus that of propranol used 
four times daily was compared in 25 patients with stable angina pectoris. 
All had been treated with propranolol for angina for an average of 14 
months (range 2 to 36) and all had experienced symptomatic or objective 
improvement, or both, in exercise tolerance during this period. The total 
daily dose of propranolol (160 mg in 21 patients and 320 mg in 4 patients) 
was maintained throughout the trial period. The study was double blind 
and crossover in design and each dose schedule was prescribed for a 2 
month period. 

No adverse effects occurred when patients altered treatment schedules. 
The average number of anginal attacks experienced was 6 + 6 and 7 + 
8 per month (mean + 1 standard deviation [SD]) for months 1 and 2 with 
therapy twice daily and 6 + 5 and 6 + 6 per month for months 1 and 2 with 
therapy four times daily (difference not significant). The times from be- 
ginning of exercise to angina 6 and 8 hours after a previous dose of pro- 
pranolol during therapy twice daily were, respectively, 356 + 138 and 
358 + 147 seconds for month 1 and 375 + 137 and 385 + 148 seconds 
for month 2. These values were similar to those obtained 2 and 4 hours 
after the previous dose during therapy four times daily (350 + 143 and 
351 + 157 seconds for month 1 and 375 + 142 and 366 + 137 seconds, 
respectively, for month 2). The values for S-T segment depression, heart 
rate, systolic blood pressure and rate-pressure product at the onset of 
angina were similar during therapy twice daily and during therapy four 
times daily. Plasma propranolol concentrations were similar during months 
1 and 2 of therapy with the same schedule. After a previous dose, the 
values during month 2 were 116.3 + 93.8 at 6 hours and 93.6 + 88.8 ng/ml 
at 8 hours with therapy twice daily and 104.5 + 74.3 at 2 hours and 93.9 
+ 70.4 ng/ml at 4 hours during therapy four times daily. The study shows 
that in the treatment of stable angina pectoris, propranolol given twice 
daily is as effective as that given four times daily. 


Propranolol is an effective antianginal agent!-9 and, because of its rel- 
atively short plasma half-life,"-!? is usually prescribed in divided doses 
given four times daily. Recent studies in patients with stable angina 
pectoris have shown that single oral doses of 80 and 160 mg of propran- 
olol prolong exercise tolerance and lessen the rise in heart rate and sys- 
tolic blood pressure during exercise for 8 to 12 hours.!!-!? Thus, it is 
logical to treat patients with angina pectoris with propranolol given two 
times a day rather than the commonly employed regimen of four times 
a day. The present investigation was therefore designed to compare the 
efficacy of propranolol when used twice daily versus that of propranolol 
used four times daily during sustained therapy in patients with angina 
pectoris. 
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Methods 


Patients (Table I): Twenty-six patients (24 men and 2 
women) aged 39 and 64 years (average 52) with stable exer- 
cise-induced angina pectoris were studied. The history of 
angina pectoris ranged from 4 to 156 months (average 41). 
Nine of the 26 patients had had a previous myocardial in- 
farction at least 6 months before starting the study. Coronary 
angiography was carried out in only 19 patients and revealed 
triple vessel disease in 12, double vessel disease in 5 and single 
vessel disease in 2 patients. Of the seven patients who did not 
undergo coronary angiography, three had had a previous 
myocardial infarction. In all of these seven patients classic 
angina pectoris developed during treadmill exercise and six 
of the seven had a positive treadmill test. The remaining pa- 
tient had electrocardiographic evidence of anterior myocardial 
infarction. | 

These 26 patients were selected from a population of pa- 
tients with stable exercise-induced angina pectoris who had 
noticed that therapy with propranolol had permitted them 
to carry out more physical work and had reduced the fre- 
quency of weekly anginal attacks. Thirteen of the 26 patients 
had had treadmill exercise tests before and after treatment 
with propranolol and the time from the start of exercise to the 
onset of angina had increased by 60 seconds or more in all the 
patients. The average value (4 1 standard deviation) for the 
exercise time to the onset of angina pectoris prior to therapy 
was 246 + 76 seconds and this increased to 372 + 99 seconds 
(p «0.001) during propranolol therapy. Despite the subjective 
and objective improvement with propranolol, angina could 
still be induced in all the 26 patients during treadmill exercise 
testing. 

All patients had been taking propranolol for at least 3 
months (range 3 to 36). The total daily dose was 160 mg in 22 
patients and 320 mg in 4; the drug was being taken four times 


TABLE | 
Individual Patient Data 


a day by 22 patients and twice a day by 4. No patient was 
taking digoxin, diuretic drugs or antihypertensive agents, but 
4 of the 26 patients were taking 10 to 30 mg isosorbide dini- 
trate four times a day in addition to propranolol, and this 
treatment was continued during the trial. 

The resting electrocardiogram was normal in 17 patients 
and showed evidence of previous inferior myocardial infarc- 
tion in 4 and of anterior infarction in the remaining 5 patients. 
A multistage treadmill exercise test !4 was carried out imme- 
diately before the patients were entered into the trial. All 26 
patients experienced angina and 22 of the 26 patients also 
exhibited ischemic S-T segments characterized by horizontal 
or downsloping S-T segment depression 1 mm or more and of 
at least 0.08 second’s duration in modified lead V5. The study 
was explained to each patient and written informed consent 
was obtained. 


Design of Investigation 


The study was double blind in design and patients were 
allocated randomly to one of two treatment groups: those 
taking propranolol twice daily and those taking it four times 
daily (Table IT). After therapy with a given dose for a period 
of 2 months, the patients were placed on the other treatment 
dose schedule for another 2 months. The medications were 
prescribed in capsules, and the patients were instructed to 
take the capsules at 0800, 1200, 1600 and 2000 hours each day. 
The capsules taken at 0800 and 2000 hours were different in 
color from those prescribed at 1200 and 1600 hours. The pa- 
tients took the same number of capsules each day throughout 
the study. The appearance of the capsules was the same on the 
two dosage regimens. 

Group I: This group (13 patients) first received propranolol 
in four daily doses at 0800, 1200, 1600 and 2000 hours. The 
total daily dosage of propranolol prescribed for any given 
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Duration Propranolol Therapy Coronary 
Age (yr) & of AP Daily Dose Duration Treadmill Exercise Angiographic 
Case Sex (mo) (mg) (mo) ECG AP S-T (mm) Findings 
48M 28 160 10 N + 4.0 3 VD 
2* 40M 23 160 24 IMI T 2.0 3 VD 
3 56M 168 160 84 N +> 0.5 2 VD 
4* 53M 156 320 10 N : 1.0 2 VD 
5 52M 36 320 6 AMI T 4.0 3 VD 
6 43M 9 160 8 AMI T 3.0 3 VD 
7 57M 24 320 8 N + 1.5 3 VD 
8 39M 84 160 36 N T 1.0 1 VD 
9 48M 108 160 14 IMI + 0.5 3 VD 
10 51M 13 160 6 N + 1.0 3 VD 
11 63F 72 160 8 N + 1.5 2 VD 
12 57M 36 160 36 AMI T 1.0 3 VD 
13 52M 8 160 8 N T 2.5 1 VD 
14 52M 48 160 12 N T 0.0 2 VD 
15 64M 7 160 4 N T 4.0 3 VD 
16 53M 60 160 6 AMI + 2.5 3 VD 
17 54M 84 160 14 N + 3.0 3 VD 
18 57M 6 160 6 AMI + 0.0 be 
19 45M 4 160 4 IMI T 1.0 
20* 62M 8 160 5 N T 1.0 
21 58M 13 160 6 IMI T 3.0 
22 60F 6 160 5 N T 1.5 D? 
23 44M 7 320 3 N + 1.0 3 VD 
24 50M 24 160 24 N T 2.0 ; AM 
25 55M 22 160 22 N + 1.0 2 VD 
26 49M 6 160 6 N T 1.0 


* These patients (Cases 1, 2, 4 and 20) were taking propranolol in divided doses, twice daily; all other patients were taking propranolol four times 


daily. 
AMI = anterior myocardial infarction; AP = angina pectoris; IMI = 
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inferior myocardial infarction; N = normal; 1, 2, 3 VD = one, two and three 
vessel coronary artery disease, respectively; S-T = S-T segment depression. 
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TABLE Il 
Experimental Design of Study * 


Time Schedule of Therapy in 


Group | (h) 
0800 1200 1600 
Months 1 and 2 PROP PROP PROP 
Months 3 and 4 PROP PLAC PLAC 
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Time Schedule of Therapy in 


Group II (h 
2000 0800 1200 1600 2000 
PROP PROP PLAC PLAC PROP 
PROP PROP PROP PROP PROP 


* Patients were assessed at the end of each month, and exercise testing was carried out at 1400 and 1600 hours (h). See Methods for de- 


tails. 
PLAC = placebo; PROP = propranolol. 


patient was the same as that taken before the study. At the 
end of 2 months, patients began treatment with two daily 
doses of propranolol for another 2 months. Propranolol was 
then prescribed at 0800 and 2000 hours, the total dose being 
the same as that taken by these patients during the first 2 
months of the study. The capsules prescribed at 1200 and 1600 
hours contained placebo. 

Group II: This group (13 patients) first received propran- 
olol in two doses at 0800 and 2000 hours. The total daily dos- 
age of propranolol prescribed for any given patient was the 
same as that taken before the study. Capsules taken at 1200 
and 1600 hours contained placebo. At the end of a 2 month 
period, the patients began treatment with four daily doses of 
propranolol administered at 0800, 1200, 1600 and 2000 hours. 
The total daily dosage prescribed was the same as that taken 
by these patients during the first 2 months of the study. 

Both groups of patients were instructed to keep a record 
of their daily anginal attacks; the diaries were reviewed at 
monthly intervals. Patients were evaluated at the end of each 


TABLE Ill 


month and on that day they were instructed to take their 
capsules at the usual times at 0800 and 1200 hours; they were 
told not to take any other medication on that day. On these 
days, they did not smoke and did not eat after 1000 hours. 
Each month, on the day of the visit, two multistage treadmill 
tests were carried out at 1400 and 1600 hours. These exercise 
tests were therefore carried out 2 and 4 hours after a previous 
dose of propranolol in patients on therapy four times daily and 
6 and 8 hours after a previous dose of propranolol in patients 
receiving therapy twice daily. The end point during exercise 
was moderate angina and in patients who did not experience 
moderate angina, the end point was fatigue or breathless- 
ness. 

Measurements and recordings: Modified lead V; of the 
electrocardiogram was monitored on an oscilloscope 
throughout the study and records were taken on a standard 
electrocardiograph at a paper speed of 25 mm/s at 1 minute 
intervals during exercise. Further records were taken at the 
onset of anginal pain (P1) and when angina became of mod- 


Plasma Propranolol Concentration (ng/ml) During Propranolol Therapy Twice and Four Times Daily 


Therapy Twice Daily 


Month 1 Month 2 
Case* 6h 8h 6h 
1 74 56 84 
2 39 21 25 
3 45 27 38 
4t 383 274 312 
5t 342 284 411 
6 39 34 64 
7t 98 81 156 
8 104 76 41 
9 59 53 52 
10 104 79 79 
11 71 36 89 
12 112 62 129 
13 205 167 186 
14 39 35 62 
15 IE y eee 4a 
16 153 115 166 
17 57 42 59 
18 160 113 180 
19 127 91 67 
20 119 104 129 
21 52 47 46 
22 93 68 44 
23! 180 122 P 
24 41 38 soe 
25 129 114 112 
26 92 55 80 
Mean 119.86 90.05 116.32 
+1SD 89.84 70.83 93.77 


Therapy Four Times Daily 


Month 1 Month 2 
8h 2h 4h 2h 4h 
64 214 175 91 83 
19 33 24 28 21 
24 36 36 36 31 
271 318 217 281 294 
357 245 209 216 185 
39 57 57 60 39 
124 179 135 169 99 
26 23 15 24 44 
39 — m sas mere 
59 71 49 79 63 
34 92 90 80 50 
93 71 60 149 151 
147 264 202 193 121 
45 106 80 102 86 
126 100 109 185 155 
40 27 19 22 19 
131 135 108 207 211 
67 18 13 59 54 
90 142 114 61 88 
45 26 34 19 33 
42 99 70 78 55 
T 133 56 "s - 
T dd or 65 51 
160 128 100 102 136 
55 25 19 58 47 
93.55 109.50 87.95 104.50 93.86 
83.82 86.68 65.31 74.30 70.40 


* Data were incomplete in Cases 9, 15, 23 and 24; mean values represent data from the remaining 22 cases. 
t The total daily dose of propranolol in these patients was 320 mg; in the remaining patients, it was 160 mg. 


h = hours after dose; SD = standard deviation. 
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erate severity (P5) or just before the termination of exercise 
because of fatigue or undue breathlessness. The average values 
for heart rate and S-T segment depression during 10 consec- 
utive beats were measured from the electrocardiogram and 
the blood pressure was measured at 1 minute intervals at rest 
and during exercise. The rate-pressure product was calculated 
as the product of heart rate and systolic blood pressure and 
expressed in mm Hg/min X 1072. 

Plasma propranolol concentration was determined from 
10 ml specimens of venous blood collected at rest before each 
exercise period. Blood was collected in heparinized tubes, spun 
in a refrigerated centrifuge at 3,000 rpm at 3? C within 15 
minutes of sampling and the plasma was stored at —30? C. 
Plasma propranolol levels were measured using a modifica- 
tion! of the method described by Shand et al.". 

Statistical analysis: Conventional statistical methods were 
used throughout. The significance of changes during therapy 
twice daily with propranolol versus that given four times daily 
was assessed by Student's t test for paired data. 


Results 


Twenty-five of the 26 patients completed the study. 
One patient (Case 9) found it difficult to attend regu- 
larly and dropped out of the study. 

Propranolol plasma concentration (Table IIT): 
During therapy given four times daily the average 
plasma concentrations at 2 and 4 hours after the pre- 
vious dose of propranolol were, respectively, 109.5 + 
86.7 and 88.0 + 65.3 ng/ml (mean + 1 SD) during the 1st 
month and 104.5 + 74.3 and 93.9 + 70.4 ng/ml during 


TABLE IV 


Number of Anginal Attacks During Treatment With 
Propranolol Twice and Four Times Daily 


Therapy Twice Daily Therapy Four Times Daily 


Month Month Month Month 
Case 1 2 1 2 
1 3 3 5 5 
2 3 5 10 10 
3 10 7 7 11 
4 14 5 14 7 
5* XS e i9. b. "EN" 
6 0 0 1 0 
7 4 4 3 2 
8 1 0 7 2 
gt 12 ide RE a des 
10 23 19 20 19 
11 7 7 4 3 
12* me i Sven nm. PS 
13 3 4 6 6 
14 1 2 2 1 
15 0 4 2 0 
16 11 14 17 7 
17 2 7 5 6 
18 3 4 6 5 
19 2 0 0 0 
20 9 8 7 12 
21 2 0 0 0 
22 5 0 5 4 
23 13 9 12 8 
24 11 36 18 20 
25 9 9 8 8 
26 3 2 2 2 
Mean 6.4 6.5 5.6 6.0 
+1SD 5.6 7.9 5.3 5.6 


* These patients (Cases 5 and 12) did not keep a record of the anginal 
attacks. ! This patient (Case 9) dropped out of the study and has been 
excluded from: further analysis. 
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the 2nd month of this dose schedule. During twice daily 
therapy, average plasma concentrations 6 and 8 hours 
after a previous dose of propranolol were, respectively, 
119.9 + 89.8 and 90.1 + 70.8 ng/ml during the 1st month 
and 116.3 + 93.8 and 93.6 + 88.8 ng/ml during the 2nd 
month. 

Anginal attacks (Table IV, Fig. 1): Two patients 
(Cases 5 and 12) did not keep a regular record of their 
anginal attacks. Of the remaining 23 patients, the av- 
erage number of anginal attacks was 6 + 5 and 6 + 6, - 
respectively, during the Ist and 2nd months of the four 
times daily dose schedule and 6 + 6 and 7 + 8 during the 
Ist and 2nd months of the twice daily regimen (Fig. 1). 
In some patients the number of anginal attacks expe- 
rienced varied during the 1st and 2nd months of therapy 
despite the same schedule of propranolol administra- 
tion. When these variations are taken into consider- 
ation, 21 of the 23 patients experienced a similar num- 
ber of anginal episodes each month during therapy with 
the two dose schedules. One patient (Case 2) experi- 
enced angina more frequently during the 2 month pe- 
riod while taking propranolol four times a day and an- 
other (Case 16) experienced it more frequently during 
the twice daily regimen. 

Treadmill exercise tolerance (Table V, Fig. 2): 
Therapy four times daily: All patients experienced 
angina during exercise. The times from beginning of 
exercise to the onset of anginal pain at 2 and 4 hours 
after a previous dose were 350 + 143 and 351 + 157 
seconds, respectively, during the 1st month and 375 + 
142 and 366 + 137 seconds during the 2nd month of 
therapy. Exercise was discontinued because of moderate 
angina in 21 patients and fatigue in the remaining 4. In 
the latter four patients, duration of exercise to fatigue 
was substituted for the time to the development of 
moderate angina. The times from the beginning of ex- 


IS 


Number of Anginal Attacks per Month 





O 
MONTH |. MONTH2. MONTH |. MONTH 2 


FIGURE 1. Number of anginal attacks per month in 23 patients receiving 
propranolol two and four times daily (data represent mean + 1 standard 
deviation). The values were similar during therapy with both dose 
schedules. 


FIGURE 2. Exercise times to the onset of angina (open bars) 
and to the development of moderately severe angina (solid 
bars) in 25 patients during the 4 month trial period. (Data 
represent mean + 1 standard deviation). The values for time 
from beginning of exercise to angina and to the development 
of moderate angina at 6 and 8 hours after a previous dose 
of propranolol during therapy given twice daily were similar 
to the corresponding values at 2 and 4 hours after a previous 
dose during therapy given four times daily. 


EXERCISE DURATION (Seconds) 


ercise to the development of moderate angina at 2 and 
4 hours after a previous dose of propranolol were 443 + 
140 and 443 + 135 seconds, respectively, during the 1st 
month and 471 + 133 and 469 + 132 seconds during the 
2nd month of therapy with this dose schedule. 
Therapy twice daily: All patients experienced angina 
during exercise. The times from beginning of exercise 
to development of angina at 6 and 8 hours after a pre- 
vious dose were 356 + 138 and 358 + 147 seconds, re- 
spectively, during the 1st month and 375 + 137 and 385 
+ 148 seconds during the 2nd month of therapy with 
this schedule. Exercise was discontinued because of 
moderate angina in 21 patients and fatigue in the re- 
maining 4 patients. The exercise times to the develop- 
ment of moderate angina at 6 and 8 hours after a pre- 
vious dose were 454 + 130 and 446 + 133 seconds, re- 


TABLE V 


Clinical, Electrocardiographic and Circulatory Data* at Rest 
Four Times Daily* 


Therapy Twice Daily 
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4 2 4 
DOSE ————— — — —4À 


FOUR TIMES A DAY 


6 8 6 8 


H HOURS AFTER 


TWICE A DAY 


2 


spectively, during the 1st month and 461 + 131 and 456 
+ 140 seconds, respectively, during the 2nd month of 
this dose schedule. 

Comparison of data for both dose schedules—pro- 
pranolol therapy twice and four times daily—showed 
that the exercise times to the onset and development of 
moderate angina observed at 2 and 4 hours after a pre- 
vious dose during therapy with propranolol four times 
a day were similar to those observed at 6 and 8 hours 
after a previous dose during therapy with propranolol 
twice daily. 

In some patients, the duration of exercise to the onset 
of angina and to the development of moderate angina 
varied from the 1st to the 2nd month with the same dose 
schedule. When this variation is taken into consider- 
ation, the exercise times to the onset of angina and to 


and During Exercise During Therapy with Propranolol Twice and 


Therapy Four Times Daily 


Month 1 Month 2 Month 1 Month 2 
6h 8h 6h 8h 2h 4h 2h 4h 
Standing 
SRL IGS PRR dee ee ee DU fasi SEEPS Ee Ske Ses) ADIUTUS BENE M De UK ee Ll 
HR 63 +9 66 + 10 63 + 11 65+ 11 65 + 10 65+ 8 6349 6549 
SBP 117+ 12 1174+ 14 117 = 12 114+ 13 116 + 16 1144 14 114 € 17 110 + 16 
RPP 74 X 13 77+ 15 ?9 X 12 74 t 14 75 + 15 744+ 13 72 t 15 71 X 13 
Exercise (P4) 
TWT 356 + 138 358 + 147 375 + 137 385 + 148 350 + 143 351+ 157 375 + 142 366 + 137 
S-Ti 1.5 + 1.1 1.4 € 0.9 1.5 X 1.1 1:7 d; 1.1 1.6 + 1.5 1.6 X 1:3 1.6 € 1.2 1.8 X 1.2 
HR 105 + 10 106 + 13 105 + 13 108 + 14 105+ 14 107 + 14 105 + 12 107 + 14 
SBP 143 + 15 144+ 15 143 + 14 139 + 15 145 + 19 144+ 21 142+ 18 140 c 17 
RPP 1514 24 153 + 28 150 + 29 150 + 28 153 + 36 155 + 36 149 + 31 150 + 31 
Exercise (Po) 
TWT 454+ 130 446 + 133 461+ 131 456 + 139 443 + 140 443 + 135 471+ 133 469 + 132 
S-T; 19. 1.1 1.9+ 1.0 2.0 + 1.1 2.1% 1.1 19+ 1.4 1.9 + 1.4 2.1% 1.2 2.2 d: 1.3 
HR 109 + 11 111 & 12 109 + 11 112+ 15 109 + 15 111 X: 15 109 + 13 112 + 13 
SBP 146 + 16 146+ 17 146+ 18 143 + 16 151+ 21 146 + 23 147 + 21 144+ 18 
RPP 161+ 31 162 + 31 160 + 27 160 + 27 165 + 36 162 + 39 160 + 33 161+ 32 


* All data represent mean + 1 standard deviation. 

h = hours after dose; HR = heart rate in beats/min; P, = onset of angina pectoris; P2 = onset of moderately severe angina pectoris; RPP = 
rate-pressure product in mm Hg/min X 10~*; SBP = systolic blood pressure in mm Hg; S-T, = S-T segment depression in mm; TWT = treadmill 
walking time in seconds. 
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the development of moderate angina in the majority of 
patients were similar during the two dose schedules. 

Electrocardiographic S-T segment changes 
(Table V): Comparison of the two dose schedules 
showed no significant changes with respect to the degree 
of S-T segment depression at the onset of angina and 
at the time of development of moderate angina at 2 and 
4 hours after a previous dose during therapy four times 
daily and the values at 6 and 8 hours after a previous 
dose during therapy twice daily. 

Circulatory changes (Table V): Comparison of 
data for heart rate, systolic blood pressure and rate- 
pressure product at rest and during exercise showed 
similar values for these variables obtained at 2 and 4 
hours after a previous dose during therapy four times 
daily and at 6 and 8 hours after a previous dose during 
the twice daily dose schedule. 


Discussion 


This investigation has demonstrated that in patients 
with stable angina pectoris who had experienced im- 
provement on regular propranolol therapy before entry 
into the Study, the drug was as effective a therapeutic 
agent when administered twice daily as when given four 
times daily. This observation is supported by the equal 
frequency of anginal attacks during the two dosage 
regimens and by the results of objective exercise 
testing. 

Possible limitations of the study: The patients with 
stable exertional angina were carefully selected; all had 
had symptomatic or objective improvement, or both, 
in exercise tolerance with propranolol therapy before 
entry into the trial. During the definitive study, it would 
have been preferable to have compared the effects of the 
two treatment dose schedules with placebo therapy. The 
study can also be criticized in that the exercise tolerance 
during therapy twice daily with propranolol was as- 
sessed at 6 and 8 hours after a previous dose of pro- 
pranolol. It would have been ideal to have carried out 
an exercise test at 11 or 12 hours after a previous dose, 
that is, before the administration of the next dose. 

Despite these shortcomings, the results show that 
none of the patients experienced untoward effects 
during therapy twice daily with propranolol. The mean 
number of anginal attacks remained fairly constant 
during therapy with a particular dose schedule and the 
pattern did not change when the patients abruptly al- 
tered their regimen. 

Effects on exercise tolerance: Exercise tolerance 
in the majority of the patients was reproducible from 


month to month during treatment with a given dose 
schedule of propranolol. Furthermore, exercise times 
to the onset of chest pain and to the development of 
moderate angina at 8 hours after a previous dose of 
propranolol during therapy twice daily were similar to 
those obtained at 2 hours after a previous dose during 
therapy with this agent four times a day. It would have 
been ideal to have shown that the exercise tolerance 12 
hours after a dose of propranolol during therapy twice 
daily was similar to that observed 4 hours after a dose 
during therapy four times daily. However, in previous 
studies! !? we reported that the improvement in exer- 
cise tolerance persists for 12 hours after single oral doses 
of 80 and 160 mg of propranolol during both short-term 
and sustained therapy. Thadani et al.!6 recently showed 
that therapy twice daily with propranolol and other beta 
blocking agents was more effective than therapy with 
placebo in patients with stable angina pectoris. In that 
study, exercise time to the onset of angina, 12 hours 
after a previous dose of propranolol, had increased 
significantly in comparison with that after placebo (421 
+ 54 versus 221 + 27 seconds, p <0.001). Furthermore, 
the values for exercise time to the onset of angina 1 hour 
after the next dose of propranolol (436 + 56 seconds) 
were similar to the values obtained at 12 hours after a 
previous dose of propranolol (421 + 54 seconds). How- 
ever, in that study, the efficacy of propranolol when 
used twice versus four times daily was not compared. 

In the present study, in addition to the similar du- 
ration of exercise tolerance during therapy twice versus 
four times daily with propranolol, the values for S-T 
segment depression and rate-pressure products during 
exercise were also similar during therapy with either 
dose schedule. 

Implications: In patients with stable angina pectoris, 
therapy with propranolol twice daily is as effective as 
therapy with this agent four times daily. Dosage twice 
daily simplifies therapy and should improve patient 
compliance. 
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Clinical and hemodynamic data from 189 patients sustaining an acute 
myocardial infarction complicated by pump failure were analyzed with 
a multivariate analysis method using correspondence analysis. A graphic 
decision-making system based on survival at 1 month was derived from 
a set of 101 patients. According to the scatter of patient data points on 
the factorial plane resulting from analysis, survival and nonsurvival zones 
were defined, and the position of a given patient within these zones was 
considered a reliable estimate of likelihood of survival. Then, the deci- 
sion-making rule was applied to a set of 88 patients. Every new patient 
whose data fell within the nonsurvival zone was referred for consideration 
of intraaortic counterpulsation. Thus, 43 patients were predicted to be 
nonsurvivors; 26 of these (group |) underwent balloon counterpulsation; 
the remaining 17 formed group Il. The two groups were considered 
comparable. Seven patients in group | and none in group Il survived for 
more than 1 month (probability [p] = 0.02); it was concluded that coun- 


 terpulsation improves short-term survival. The analysis of baseline 
measurements demonstrated that a good prediction of short-term survival 


was feasible in the patients undergoing circulatory assistance. Thus, 
patients who are salvaged in these circumstances are probably in a less 
severe condition than others and mechanical assistance may not be of 
value in every patient predicted to be a nonsurvivor. Of the seven short- 
term survivors, only three survived for more than 1 year. This low long-term 
survival rate (11 percent) was related to extensive myocardial and cor- 
onary arterial lesions found on angiography in survivors as well as in 
counterpulsation-dependent patients. 


Over the last decade, the efficiency of intraaortic balloon counterpul- 
sation in pump failure complicating acute myocardial infarction has been 
evaluated by numerous investigators. As a rule, hemodynamic status 
improves after the initiation of balloon pumping, but the reported effects 
on long-term survival have varied widely. As Weber and Janicki! and 
Kuhn? pointed out, the variability of criteria for patient selection and 
the heterogeneity of studied samples may account for the observed 
differences in counterpulsation efficiency. In an attempt to obviate the 
difficulties arising from varying patient selection criteria, we based our 
indications for intraaortic balloon pumping on a decision-making rule 
derived from clinical and hemodynamic variables through the use of a 
multidimensional analysis procedure previously described in studies 
of pump failure in acute myocardial infarction.?-? 

Multivariate evaluation of patients undergoing circulatory assistance 
has previously been performed either to define physiologic patterns and 
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time courses of recovery in shock due to myocardial 
infarction!?:!! or to determine prognostic indexes during 
postcardiotomy balloon pumping.!? In this study, our 
efforts were directed to the prediction of outcome in 
order to select the patients needing mechanical support. 
Clinical and hemodynamic variables were taken into 
account in a comprehensive study, the likelihood of 
survival was evaluated and every patient predicted to 
be a nonsurvivor was referred for consideration of bal- 
loon pumping. Our report describes our experience with 
this procedure and analyze short- and long-term sur- 
vival in 26 patients undergoing intraaortic balloon 
counterpulsation. 


Methods 
Selection of Patients 


One hundred eighty-nine consecutive patients with pump 
failure complicating myocardial infarction confirmed by 
electrocardiogram and serum enzyme analysis were admitted 
to the coronary care unit for hemodynamic evaluation. This 
sample included 138 men and 51 women ranging in age from 
36 to 88 years (mean 63). On admission to the unit, the pa- 
tients were clinically classified!?; 97 were considered to be in 
Killip functional class III (frank pulmonary edema) and the 
other 92 in class IV (cardiogenic shock). None had any com- 
plication or any associated cardiac or pulmonary disease other 
than pump failure; patients with mechanical lesions, such as 
mitral regurgitation secondary to papillary muscle dysfunction 
or rupture and ventricular septal perforation, were eliminated. 
Other possible causes of pump failure, such as hypoxemia, 
hemodynamically significant arrhythmias, acidosis, severe 
anemia or hypovolemia, were excluded or corrected. 

The elapsed time from the onset of infarction to the first 
evaluation ranged from 6 hours to 6 days, and baseline mea- 
surements were performed before the initiation of any therapy 
other than administration of oxygen, narcotic agents, sedative 
drugs or lidocaine. The patients were observed in this unit for 
a mean period of 66 hours (range 3 to 100). Monitoring was 
performed with use of an indwelling radial or femoral arterial 
catheter, a central venous pressure line and a Swan-Ganz 
flow-directed pulmonary arterial catheter. Systemic arterial, 
central venous and pulmonary arterial wedge pressures were 
recorded continuously. Serial measurements of cardiac output 
were made by the indocyanine green dye-dilution technique. 
From these data, stroke index, peripheral vascular resistance, 
total pulmonary resistance, left ventricular stroke work index, 
right ventricular stroke work index and other indexes were 
computed as described previously.?-? 

Nonsurvival was defined as death occurring only from in- 
tractable pump failure within 4 weeks after the onset of 
myocardial infarction. Hence, patients surviving after 4 weeks 
were considered survivors. Patients whose death was related 
to cardiac rupture or arrythmia were excluded. Myocardial 
infarction was classified anterior or inferior on the basis of 
infarct site. Anterior infarctions included anteroseptal, an- 
terolateral, lateral and circumferential sites; inferior infarc- 
tions included posteroseptal and inferolateral sites. 


Statistical Analysis 


Learning sample: For the purpose of deriving a prognostic 
decision-making rule for prediction of outcome, we took into 
account all the multivariable data sets collected in our pa- 
tients. Each data set comprised 26 items (Table I), all with a 
common relation in time. The method used to analyze these 
data has previously been described in detail.?-? Briefly, the 
initial set of measurements was chosen for analysis because 


it provided insight into the patient's status at the time of ad- 
mission to the shock ward. With the use of correspondence 
analysis,!^!? data from a learning sample of 101 patients were 
projected onto a factorial plane. This plane is defined by two 
factorial axes, f1 and f2, which are linear functions of the 
collected variables. Because this statistical analysis procedure 
is only descriptive, survival and nonsurvival zones were de- 
fined in retrospect by considering the outcome of each indi- 
vidual patient represented in the scatter diagram.?-? Because 
of the relatively short overlap between these two zones, the 
separation between survivors and nonsurvivors was deemed 
reliable, and prognostic groupings of patients inferred from 
the data were subsequently formed. The most important 
variables in the formulation of the factorial axes—that is, in 
the two dimensional projection of the learning sample—were 
cardiac index, left and right filling pressures, heart rate, sys- 
tolic arterial pressure and left ventricular stroke work index; 
the univariate analysis of these variables was helpful in 
characterizing prognostic groupings. 

Test sample: The factorial plane and the prognostic zones 
derived from the learning sample were then used as a frame 
of reference for a new (test) sample of 88 patients. Data from 
each new patient entering the shock ward were plotted on this 
plane through a very simple computation with a small desk- 
top calculator? and from the patient's data point on the scatter 
diagram, both his pathophysiologic behavior and outcome 
were predicted. Any patient whose data fell within the non- 
survival zone, the overlap zone or the borderline zone was 
referred for intraaortic balloon assistance. 

This graphic allocation rule was compared with the fol- 
lowing prognostic index derived from discriminant analyses 
previously reported?: Z, = 0.427 + 0.00121 X left ventricular 
minute work index — 0.00125 X total pulmonary resistance. 
This index allocates a given patient to the survivor group if 
the value is positive or to the nonsurvivor group if the value 
is negative. As a rule, the assessment of prognosis and therapy 
for these 88 patients was carried out routinely as shown in 
Figure 1. 

In addition, we compared subsets of patients by using the 
Mann-Whitney test, the Fisher's test and the two sample 


TABLE | 
List of Selected Variables 


Sex (male/female) 

Age (years) 

Previous myocardial infarction (yes/no) 

Location of myocardial infarction (anterior/inferior) 

Conduction disturbances (yes/no) 

Time of study from probable onset of myocardial infarction (TS) 

Heart rate (HR) (beats/min) 

Cardiac index (Cl) (liters/min per m?) 

Stroke index (SI) (ml/beat per m?) 

Systolic aortic pressure (SAP) (mm Hg) 

Diastolic aortic pressure (DAP) (mm Hg) 

Mean aortic pressure (MAP) (mm Hg) 

Peripheral vascular resistance (PVR) (dynes s cm^* per m?) 

Left ventricular filling pressure (LVFP) (mm Hg) 

Mean pulmonary arterial pressure (MPAP) (mm Hg) 

Right ventricular filling pressure (RVFP) (mm Hg) 

Total pulmonary resistance (TPR) (dynes s cm^? m?) 

Left ventricular stroke work index (LVSWI) (g.m/m?) 

Right ventricular stroke work index (RVSWI) (g.m/m?) 

Left ventricular minute work index (LVMWI) (g.m/m? per min) 

Right ventricular minute work index (RVMWI) (g.m/m*^ per min) 

Survival/death 

Right ventricular pressure generation index (RVPGI) 
(dimensionless) 

Ejection time (ET) (ms) 

Tension-time index (TT!) (mm Hg-s/min) 

Urinary flow (Q ur) (ml/min) 
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TABLE Il 
Data on 26 Patients Undergoing Intraaortic Balloon Counterpulsation (group I) 
Killip Coronary Arterial 
Age (yr) Site Functional Duration Lesions* 
Case  &Sex ofMI Classification IABP (h) LAD LCx RCA Dyssynergy Surgery 
A. Survivors (group la) 

1 69F A IV 22 

2 61M . Ald! IV 96 3 3 4 Inferior wall 
akinesia 

3 37M A IV 333 3 3 1 Aneurysm cf apex Infarctectomy 
and adjacent parts 
of A and | walls 

4 62M A IV 120 4 3 4 Paradoxical 
apicolateral 
aneurysm; global 
hypokinesia 

5 57M A ll 216 3 3 3 Global hypokinesia 

6 48M A ul 108 4 4 2 Apical and A 
wall akinesia 

7 64M — LoldA ul 192 4 2 3 Akinesia of I wall, 
apex and 
half of A wall 


B. Balloon-Dependent Patients (group Ib) 


8 53M A IV 85 4 3 3 Left A wall Infarctectomy, 
akinesia LCA + RCA 
bypass grafts 
9 48M A IV 192 4 3 4 Apical + A wall fol 
akinesia 
10 77F A IV 34 mois 
11 50F A IV 48 
12 64M A,old | Hi 90 4 3 4 Apical and | LAD bypass graft 
dyskinesia; half 
A wall akinesia 
13 37M A IV 240 4 3 2 Large apical and 
A dyskinesia 
14 73F A IV 264 ^a 





C. Patients Whose Condition Deteriorated With IABP (group Ic) 


15 57M A IV 2 
16 62F | IV 10 4 3 3 Extensive A wall Infarctectomy 
akinesia 
17 58M A,old A IV 36 
18 58F A IV 20 » vw TA 7 
19 50M A IV 168 n. > v ... A Global akinesia 
except a narrow 
segment near to 
mitral ring 
20 62M A IV 144 4 3 3 Increased cavity Irfarctectomy 
size; A, apical 
and inferoapical 
akinesia 
21 47M A IV 84 
22 63M A,old | IV 72 pem T ayes e 
23 58M A IV 4 
24 40M A IV 72 4 3 4 Global akinesia 
25 60F A IV 6 a ge. d i ae 
26 55F A IV 1 





* Scale of perfusion: 1 — normal; 2 — moderate obstruction (50 to 75 percent); 3 — severe obstruction (greater than 75 percent); 4 — occiu- 
sion. 
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n E M ee ——— 





Case Follow-Up Study Necropsy Findings 
A. Survivors (group la) 
1 Alive 13 months; well controlled heart 
failure, not disabled; sudden death 
2 Alive 2 months; no disability, no therapy; Severe obstruction LCx + RCA, quasi-complete obstruction 
sudden death of LAD; old IMI, aneurysm evolved from recent AMI 
3 Alive 4.5 years; no disability, no therapy, "o" 
active; sudden death 
4 Alive 6 weeks; disabled, left heart failure; 
died, ventricular fibrillation 
5 Alive 2 months; no disability, no therapy; 
died, ventricular fibrillation 
6 Alive 3 years; active, no disability, no 
therapy; resumption of professional activity 
7 Alive 2 months; mild left heart failure 


deteriorating progressively 


LT 


Died 48 h after surgery 


Died after progressive weaning 


Died while on IABP (sudden death) 


Died after weaning (ventricular 
fibrillation) 
Intraoperative death 


Died after weaning 


Died after weaning 


B. Balloon-Dependent Patients (group Ib) 


Massive ventricular infarction (circumferential); occlusion 
of LAD + RCA; partial obstruction of LCx 


Massive ventricular infarction (circumferential); occlusion 
of LCx + RCA; severe obstruction of LAD 
Circumferential infarct; occlusion of LMCA 


Circumferential infarct; occlusion of LAD + RCA; quasi- 
complete obstruction of LCx 


PP b> ns UE CNN DERI TIN, Men RR dA ce ee eee eee eae eee er ae 
C. Patients Whose Condition Deteriorated With IABP (group Ic) 





15 Sudden death while on IABP Circumferential infarct; occlusion of LAD + RCA; severe ob- 
| struction of LCx 
16 Progressive deterioration while Large inferior infarction; almost complete three vessel obstruction 
on IABP 
17 Died while on IABP; pump failure 
18 Died while on IABP; pump failure ate i 
19 Died while on IABP; pump failure A and | massive ventricular infarct; high grade obstruction of 
the three vessels 
20 Intraoperative death; pump 
failure 
21 Died while on IABP; pump failure; Massive circumferential infarct; occlusion of LAD 
pulmonary embolism 
22 Died while on IABP; pump failure; Massive circumferential infarction; occlusion of LAD + RCA; 
pulmonary embolism severe obstruction of LCx 
23 Died while on IABP; pump failure Extensive ventricular infarct; occlusion of LAD + RCA; 
severe obstruction of LCx 
24 Died while on IABP; pump failure 
25 Died while on IABP; pump failure Large anterior infarction; occlusion of LAD and RCA; 
severe obstruction of LCx 
26 Died while on IABP; pump failure Large circumferential infarction; severe obstruction of the 
three vessels 
A = anterior; AMI = anterior myocardial infarction; | = inferior; IABP = intraaortic balloon pumping; LAD = left anterior descending coronary 


artery; LCx = left circumflex coronary artery; LMCA = left main coronary artery; MI = myocardial infarction; RCA = right coronary artery. 
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ENTRANCE CLINICAL AND 
HEMODYNAMIC OBSERVATION 


AUTOMATED COMPUTATION OF PATIENT 
COORDINATES ON THE FACTORIAL PLANE 





SURVIVAL 


GRAPHIC PREDICTION RULE 


CONVENTIONAL 


THERAPY 





Hotelling T? statistic.!6 The latter was used to test the null 
hypothesis of equality of two mean vectors X and Y with: 


X € (Xi, X2, e eiche ee a 0-0 € € O e Xp) 
3:9 0. VIT o Eure ss VES Yp)/ , where 
x; — mean value of the ith parameter measured in the patients 
.. of group I (see later). 
y; = mean value of the ith parameter measured in the patients 
of group II (see later). 


A stepwise nonlinear discriminant analysis using a Bayes 
procedure!’ was performed in an attempt to separate survivors 
from nonsurvivors undergoing circulatory assistance. The 
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FIGURE 2. Learning sample projected on the factorial plane (f;,f2). S, 
D, A and | correspond to the barycenters of survivor, nonsurvivor, an- 
terior and inferior myocardial infarction groups, respectively. 





NONSURVIVAL 


INDICATION FOR 
BALLOON SUPPORT 


GROUP II: 
PUMPING 
NOT PERFORMED 


GROUP I: 
PUMPING 
PERFORMED 


FIGURE 1. Protocol 
followed in the 88 
patients in the test 
sample. 


significance of evolutionary changes within groups was eval- 
uated by the Wilcoxon signed rank test. 


Intraaortic Balloon Counterpulsation 


Group I versus group II: Forty-three patients were 
graphically predicted to be nonsurvivors. Among these, 26 
underwent balloon pumping and formed group I (Table II); 
in the 17 remaining patients (group II), balloon pumping was 
not performed. This grouping of patients was not performed 
in random fashion, owing to ethical considerations. Patients 
in group II, although as critically ill as those in group I, did not 
undergo pumping for the following coincidental technical 
reasons: (1) device failure, (2) lack of staff, or (3) use of the 
apparatus elsewhere. Patients in whom balloon catheter in- 
sertion failed because of the presence of iliofemoral atheroma 
were not included in the study. 

Protocol during balloon pumping: The mean delay be- 
tween onset of pump failure and initiation of counterpulsation 
was 15 hours (range 3 to 30). Under local anesthesia an AVCO 
intraaortic balloon catheter was inserted into the right com- 
mon femoral artery through a sidearm graft and positioned 
distal to the left subclavian arterial orifice. The timing of in- 
flation and deflation was adjusted to ensure inflation on the 
dicrotic notch of the monitored radial arterial pressure and 
deflation before the ascending systolic limb. Heparin was 
administered during the period of circulatory support and low 
molecular-weight dextran was given intravenously at 10 
ml/hour. No patient received a trial of medical therapy 
(vasoactive drugs or digitalis) before pumping to assess re- 
fractoriness of the pump failure. In addition to assessment of 
the clinical and hemodynamic variables listed in Table I and 
the electrocardiogram and chest X-ray film, arterial blood gas 
measurements, blood cell counts, serum and urine electrolytes, 
blood urea nitrogen and serum enzyme determinations were 
made. Urinary flow from an indwelling bladder catheter was 
measured hourly. 
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TABLE lli 
Univariate Analysis of Cases (mean + standard deviation)* 





Learning Sample (n — 101) 


Test Sample (n — 88) 


Predicted Predicted 
Survivors Nonsurvivors p to Survive to Die p 
HR (beats/min) 88 + 14 96 + 18 <0.02 87 + 20 98 + 19 <0.01 
Cl (liters/min per m?) 2.30 + 0.56 1.40 + 0.38 <1079 2.67 + 0.59 1.50 + 0.38 «107? 
SAP (mm Hg) 114+ 25 96 + 22 <0.001 125 + 25 91+ 18 «10^* 
LVFP (mm Hg) 16.5 + 5.1 22.0 + 5.1 «1077 14.8 + 5.8 22.8 + 8.0 «1077 
RVFP (mm Hg) 8.3 + 4.1 10.6 + 4.3 «0.01 8.13 42 10.6 + 4.5 <0.01 


* No significant difference is observed between learning sample survivors and test sample patients predicted to survive and between learning 


sample nonsurvivors and test sample patients predicted to survive. 
p = probability; other abbreviations as in Table I. 


After 24 to 96 hours of therapy, attempts were made to 
wean patients from balloon assistance as soon as they showed 
improvement and their condition appeared hemodynamically 
Stable. A stepwise reduction in the frequency of inflation was 
performed from 1:1, to 1:2, to 1:4. Counterpulsation was con- 
tinued for 3 to 4 hours at each stage of the withdrawal process. 
A decrease in mean arterial pressure to less than 60 mm Hg, 
an increase in pulmonary arterial wedge pressure to more than 
20 mm Hg, a reduction in cardiac index below 2 liters/min per 
m?, and recurrence of ischemic pain, pulmonary edema or 
cardiogenic shock were considered indicators of balloon- 
dependence. 

Coronary and left ventricular angiography and indi- 
cations for surgery: Whether or not a patient was balloon- 
dependent he was referred for left ventriculography and 
coronary angiography while pumping was continued so that 
coronary lesions amenable to surgery could be identified. 
However, only 14 patients underwent cardiac catheterization; 
the procedure was not performed in 8 of the remaining 12 
patients because of a reduced time course or a rapid worsening 
of condition during circulatory assistance, or both, and was 
not performed in 4 because of failure of the device. 

Our criteria for emergency revascularization, derived from 
those of the Massachussetts General Hospital group, 19-70 
were as follows: (1) adequate coronary vessels distally for 
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FIGURE 3. Projection of the test sample on the factorial plane (f4,f2). 
Among the patients undergoing intraaortic balloon pumping (IABP), data 
points for survivors are generally plotted toward the right part of the 
critical zone as opposed to those of nonsurvivors, which are spread 
throughout this zone. 


bypass with good peripheral runoff and (2) relative preser- 
vation of perfusion and contraction in at least four of the six 
left ventricular segments defined by Leinbach et al.!5 A 
combination of akinesia and avascularity in the same area was 
considered as a contraindication. The decision for infarctec- 
tomy was made either at the time of surgery in addition to 
revascularization or when there was angiographic evidence 
of a large paradoxically bulging infarct associated with a good 
contraction of the myocardium adjacent to the mitral ring. 
Three patients underwent infarctectomy and two had coro- 
nary bypass grafting. One of the latter two also had infarc- 
tectomy. Postmortem examination was performed in 12 
nonsurvivors and in I short-term survivor. 


Results 


Learning sample: Figure 2 depicts the scatter di- 
agram obtained for the patients of the learning sample, 
projected on the factorial plane defined by f; and f». 
They are roughly divided along f; into two groups: 
nonsurvivor (left) and survivor (right), delineating the 
survival and nonsurvival zones. The two zones overlap 
slightly at the upper part of the diagram where inferior 
infarctions are prevalent. Anterior infarctions prevail 
in the lower part. As demonstrated in previous publi- 
cations,9? f, is well correlated with outcome and left 
ventricular function variables. Hence, the position of 
a patient's data point along this axis (that is, his fj 
coordinate) reflects his likelihood of survival and can 
be considered a reliable prognostic indicator. 
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FIGURE 4. Graph showing significant improvement of hemodynamic 
status with intraaortic balloon counterpulsation. kgm = kilogram- 
meters. 
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Survivors and nonsurvivors are characterized by 
significant intergroup differences between the mean 
values for heart rate, cardiac index, left and right ven- 
tricular filling pressures and systolic aortic pressure 
(Table III). These variables are precisely those that 
predominate in the mathematical formulation of the 
first factorial axis. 

Test sample: The scattering of the test sample rep- 
resented in Figure 3 is comparable with that observed 
in Figure 2 and shows similar distribution according to 
outcome and topographic criteria. Analogous differ- 
ences were observed after plotting for the variables 
mentioned regarding the patients predicted to die and 
those predicted to survive (Table III). Furthermore, 
there was no significant difference between nonsurvi- 
vors in the learning sample and patients in the test 
sample predicted to die or between survivors in the 
learning sample and patients in the test sample pre- 
dicted to survive. These comparability tests allow us to 
assess the consistency of analysis and validate our 
prognostic decision-making rule. 

As mentioned, groups I and II were defined according 
to whether the critically ill patients were or were not 


subjected to circulatory assistance. To assess the ef- 
fectiveness of counterpulsation, comparisons were made 
to determine whether group II could be considered as 
a reference for group I. Only a few significant differences 
were observed in some variables unrelated to prognosis 
and left ventricular function, whereas no appreciable 
difference was noted for prognostic indexes, !eft ven- 
tricular function variables or mean group vectors (Table 
IV). Thus, the groups were accepted as comparable and 
suitable for evaluating balloon pump efficacy. 

Effectiveness of intraaortic balloon pumping: At 
the initial stage of balloon assistance, cardiac pump 
failure was reversed in 23 of 26 patients and the effec- 
tiveness of counterpulsation was judged hemodynam- 
ically by a significant increase in the minute work index 
and a significant decrease in the tension-time index 
(Fig. 4), the peak improvement occurring within a mean 
of 19 hours. 

If one assumes that groups I and II are comparable, 
testing for the same probability of survival in either 
group results in the conclusion that intraaortic balloon 
pumping probably improves short-term survival (Table 
IV). To evaluate the meaning of this result, three 





TABLE IV 
Patients Referred for Intraaortic Balloon Pumping: Initial Clinical and Hemodynamic Data 
Group | Group II 
(with IABP) (no IABP) 
(n = 26) (n = 17) p 

Age 57.3 + 10.5 64.1 + 10.9 «0.05 
Sex 

Male 18 7 = 0.05 

Female 8 10 
Previous MI 

Yes 5 5 

No 21 12 
Mi site 

AMI 24 9 = 0.04 

IMI 2 8 
Conduction disturbances 

Yes 14 10 

No 12 7 T 
TS (days) 20213 22 + 1.7 xn 
HR (beats/min) 103.9 + 15.6 90.6 + 20.9 <0.05 
CI (liters/min per m?) 1.50 + 0.44 1.46 + 0.36 "v 
SI (ml/beat per m?) 14.6 + 4.9 16.6 + 4.2 cd 
SAP (mm Hg) 89.5 + 12.8 89.3 + 15.8 d adi 
DAP (mm Hg) 63.0 + 9.8 55.1 t 7.8 «0.02 
MAP (mm Hg) 71.2 2 10.5 66.4 + 9.3 M 
PVR (dynes s cm"? per m?) 3614 + 1296 3198 + 997 2d 
LVFP (mm Hg) 22.11 6.4 21.13 3- 7.7 
MPAP (mm Hg) 29.4 + 7.2 28.5 + 12.0 
RVFP (mm Hg) 9.2+ 4.0 10.8 + 3.8 
TPR (dynes s cm~® per m?) 1725 + 825 1616 + 788 
LVSWI (g.m/m?) 10.44 + 4.03 10.86 + 3.53 
RVSWI (g.m/m*) 4.34 + 2.08 4.19 + 2.63 
LVMWI (g.m/m? per min) 1060 + 385 949 + 285 
RVMWI (g.m/m? per min) 446 + 221 391+ 254 
RVPGI 2.73 + 1.86 1.97 + 1.42 
Z —1.30 + 1.35 — 1.30 + 1.20 
f4 co-ordinates —364 + 381 —372 + 177 a 
Hotelling T? X Y F — 1.15:NS 
Outcome 

Survival 7 0 = 0.02 

Nonsurvival 19 17 





Values for continuous variables are expressed as mean values + standard deviation; AMI = anterior myocardial infarction; IABP = intraaortic 
ieu ee Sci OE myocardial infarction; MI = myocardial infarction; NS = not significant; Z = prognostic index (see text); other ab- 
reviations as in Table l. 
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subgroups within group I were retrospectively defined 
according to follow-up finding: Ia (7 survivors); Ib (7 
balloon-dependent patients); and Ic (12 patients with 
insignificant transient improvement or rapid clinical 
and hemodynamic deterioration, or both, during balloon 
pumping). 

Baseline measurements for survivors (group Ia) and 
nonsurvivors (pooled groups Ib and Ic) are compared 
in Table V. Significant intergroup differences were 
observed for cardiac index, left ventricular function 
variables, urinary flow and prognostic indexes, dem- 
onstrating a worse status in nonsurvivors than in sur- 
vivors just before the onset of balloon pumping. Dif- 
ferences between groups Ia and Ic were more striking, 
and there was no significant difference between groups 
Ib and Ic. 

Then a question arose: Could a precise rule for pre- 
diction of survival be derived from baseline measure- 
ments in patients referred for balloon pumping? Con- 
sistent with the results of univariate analysis, a good 
classification rate of both survivors and nonsurvivors 
(92 percent) was obtained by the use of a stepwise 
discriminant analysis (Fig. 5). The first three variables 
selected were urinary output, left ventricular minute 
work index and ejection time. 'The computed proba- 
bilities gave an estimate of the likelihood of survival 
leading to the misclassification of only two patients who 
were erroneously predicted to survive: Patient 12, who 


TABLE V 


-Qur 
LVMWI 
ET 


CLASSIFICATION TABLE 


GROUP 
ALLOCATION 


S D 


croup S 7 0 


ORIGIN D 2 


CLASSIFICATION ACCURACY, PER CENT 





1 2 3 STEPS 


FIGURE 5. Nonlinear stepwise discriminant analysis based on survival 
at 1 month. Urinary flow (Qur), left ventricular minute work index 
(LVMWI) and ejection time (ET) are successively selected. Only two 
patients are misclassified at the third step: They were predicted to 
survive but died. D — nonsurvival; S — survival. 


died intraoperatively, and Patient 8, who died 48 hours 
after operation. 

In contrast, no predictive inferences could be drawn 
from changes recorded during circulatory assistance. 
Comparisons between patients in groups Ia and Ib were 
made at two times (t; and t2) during balloon pumping. 
Time t, was defined as the 17th hour + 6 (standard 


Intergroup Comparisons Between Survivors (group la) and Nonsurvivors (groups Ib and Ic), Between Survivors and Balioon- 
Dependent Patients (group Ib), and Between Survivors and Patients Whose Condition Deteriorated (group Ic) for Initial 


Clinical and Hemodynamic Data 


Survivors Nonsurvivors 
(group la) (groups Ib + Ic) 

Variable (n = 7) (n = 19) 
Age 56.9 57.5 
Duration of IABP (h) 155 93 
TS (days) 2.9 l4 
HR 105.7 103.3 
Cl 1.84 1.37 
SI 17.3 13.8 
SAP 95.9 87.1 
DAP 65.0 62.3 
MAP 74.4 70.1 
PVR 3009 3836 
LVFP 21.6 23.1 
MPAP 30.7 29.0 
RVFP 8.7 9.3 
TPR 1356 1861 
LVSWI 13.20 9.43 
RVSWI 5.60 3.87 
LVMWI 1397 936 
RVMWI 605 387 
RVPGI 3.42 2.48 

—0.43 — 1.62 
f4 co-ordinates aai T i —470 
ET 227 197 
TTI 1905 1660 
Q ur 19.3 5.3 
Mean delay of >1mo 5.6 
survival 


la vs. 
Ib + Ic Group Ib la vs. Group Ic la vs. 
(p) (n= 7)+ Ib (p) (n = 12) + Ic (p) 
57.4 57.5 TT 
oe 136 I 68 «0.04 
«0.05 1.9 $4 1.6 «0.05 
"i d 110.9 Tu" 98.8 me 
<0.05 1.47 1.31 <0.03 
EE 14.1 13.6 A 
91.6 84.5 «0.05 
66.7 59.7 WM 
73.7 67.9 K: 
3709 3911 v 
23.7 22.7 
29.9 ih 28.5 "p 
MP 8.5 C 9.8 ex 
«0.05 1675 «0.03 1969 T 
«0.03 10.26 "n 8.94 «0.02 
p. x 4.43 M 3.55 «0.05 
«0.02 1054 «0.05 867 «0.02 
Fad 460 es 345 re 
YO 2.58 eek 2.43 Tr 
«0.02 —1.325 «0.05 — 1.84 «0.02 
«0.03 —373 Kis —527 «0.02 
NS 210 Jes 189 <0.05 
oa 1810 ine 1572 Ae 
<0.01 8.6 ion 3.4 <0.01 
— 8.7 — 3.8 — 


(days)* Inl 


* Comparison of balloon-dependent patients with patients in group Ic revealed no significance level for any variable except for survival time 


from onset of the infarct to death (p « 0.01). 
Abbreviations and units as in Table l. 
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FIGURE 6. Hemodynamic changes observed in survivors (open circles) 
and in balloon-dependent patients (closed circles) before (to) and during 
circulatory assistance (t, and to). The only significant intergroup dif- 
ference was observed at t, for urinary flow. T, and T2 = 17th and 54th 
hour (mean) of counterpulsation. 


deviation) and t» as the 54th hour + 18 of counterpul- 
sation. In addition, intragroup tests between baseline 
measurements and data collected at tı and to were car- 
ried out. No significant difference was observed between 
patients in groups Ia and Ib except for urinary flow, 
which was greater at time t; in survivors (64 + 15 ml/ 
hour) than in balloon-dependent patients (41 + 28 
ml/hour, p «0.03). The most meaningful changes within 
groups Ia and Ib are summarized in Figure 6. A signifi- 
cant improvement was recorded at t; for left ventricular 
function variables and urinary flow in both groups. 
Between t; and t» nonsignificant intragroup changes 
occurred, with both groups attaining a similar plateau 
of left ventricular function. 

Angiographic, pathologic and follow-up studies: 
The angiographic data (Table II) revealed no significant 
differences among patient subsets. All but Patient 3 had 
extensive obstructive three vessel disease and severe 
impairment of contraction in large areas of myocardium, 
although dyssynergy appeared to be more marked in 
patients whose condition deteriorated rapidly during 
counterpulsation. Of these patients only five were 
candidates for emergency surgery, and one of these 
(Patient 3) was a long-term survivor. Among the pa- 
tients in group Ia, four died within 2 months: two were 
in New York Heart Association class IV and two were 
asymptomatic until sudden death occurred. Only three 
patients were long-term survivors: One is still living 
after 3 years and has satisfactory exercise tolerance; one 
had well controlled heart failure, but died suddenly after 
13 months; and one had resumed professional activities 
but died after 4.5 years. The overall long-term survival 
rate was 11 percent. Autopsy performed in 13 patients 
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showed massive infarction involving 40 percent or more 
of the left ventricular myocardium and extensive cor- 
onary artery disease with three vessel involvement in 
EL 

Complications: A variable degree of arterial insuf- 
ficiency was observed in five patients. In one, the 
problem was transient and disappeared within 30 
minutes. In two patients, ischemia was sufficiently 
prolonged to warrant removal of the balloon, which was 
proximally reinserted in one. Arterial emergency sur- 
gery was required in one patient because of ischemia 
after balloon removal, despite the routine Fogarty ex- 
ploration of the catheterized vessels. In one, acute vas- 
cular insufficiency was related to atheromatous emboli 
originating from aortic lesions as demonstrated by au- 
topsy. Of the five patients with complications two were 
long-term survivors and one a short-term survivor. In 
one patient the balloon could not pass through an oc- 
cluded femoral artery and was inserted through the 
contralateral artery. Pulmonary emboli were found in 
three patients at postmortem examination, although all 
had received adequate anticoagulant therapy during 
balloon assistance. The external balloon ruptured in one 
patient, but no patient died as a result of balloon 
pumping. 


Discussion 


Reported survival rates after intraaortic balloon 
pumping: When considering the reported effectiveness 
of intraaortic balloon pumping in cardiac pump failure 
complicating acute myocardial :nfarction, one is im- 
pressed by the surprisingly wide range of survival rates 
(11 to 71 percent).?!-?? The following factors may ac- 
count for these large differences. (1) The criteria used 
for patient selection vary from one study to another.? 
(2) The extent of left ventricular dysfunction is not al- 
ways hemodynamically assessed before circulatory as- 
sistance is given, even though not all patients with shock 
during myocardial infarction have an equal risk of 
death.! (3) Sometimes, patients with either pure myo- 
cardial dysfunction or mechanical defect are pooled in 
the same sample, notwithstanding the different 
pathophysiologic features and accompanying prognoses. 
(4) In most studies, a trial of medical therapy, including 
administration of catecholamines or other supportive 
agents, was given and failure to respond to this con- 
ventional treatment was considered a criterion for in- 
traaortic balloon pumping.?!-?7320-? But this procedure 
can entail loss of time whereas early circulatory support 
is required to stop the vicious cycle of hemodynamic and 
metabolic deterioration. Furthermore, the deleterious 
effects of inotropic agents can advance the myocardial 
ischemic injury.??:?4 

Selection of patients for balloon pumping: To 
obviate the drawbacks arising from a heterogeneous 
selection of patients, we included only patients with 
myocardial infarction and pump failure who had no 
mechanical complications and had not undergone a 
previous trial of medical therapy. In addition, we per- 
formed balloon pumping whenever the multivariable 


INTRAAORTIC COUNTERPULSATION IN MYOCARDIAL INFARCTION—LORENTE ET AL. 


prognostic decision-making rule predicted a low like- 
lihood of survival on the basis of hemodynamic data 
(irrespective of the patient's clinical classification). 

Our selection of patients for counterpulsation (group 
I) was not based on a randomization procedure and is 
thus open to criticism. However, our patients who did 
not undergo counterpulsation (group II) may be con- 
sidered to approach a control group because the few 
differences between groups I and II were unrelated to 
ventricular function or prognostic index values. Thus, 
the assumption that the groups are comparable enables 
us to conclude that intraaortic balloon pumping im- 
proves short-term survival. 

Survivors versus nonsurvivors of intraaortic 
balloon pumping: The question arises whether the 
short-term survivors are really representative of group 
I or, equivalently, whether survival is independent of 
the severity of dysfunction within this group. The in- 
tergroup comparisons of baseline measurements (Table 
V) suggest that survivors were in better condition before 
counterpulsation than were balloon-dependent patients 
or those who died while undergoing balloon pumping. 
One can infer that these groupings reflected a variable 
impairment of cardiac function among the patients 
treated. The results of this univariate screening were 
subsequently confirmed by a stepwise discriminant 
analysis based on survival at 1 month: A high rate of 
accurate classification was obtained with the first three 
variables selected. This finding suggests that it may be 
possible to predict the outcome of patients referred for 
consideration of circulatory assistance on the basis of 
initial hemodynamic status. However, this new prog- 
nostic decision-making rule could not be validated 
owing to the small sample sizes involved and the ab- 
sence of a test sample. 

Predictors of survival: In contrast with our results, 
Dunkman?! and Scheidt and their co-workers?? were 
unable to predict outcome from initial data, and we were 
unable to identify balloon-dependent patients within 
the first 24 hours of counterpulsation as had Ehrich et 
al23 Other workers?7?8 found retrospective clues to 
survival such as the location of the infarct, the absence 
of a previous infarct, the stabilization of hemodynamic 
status within 24 hours of balloon pumping?? and the 
extent of myocardial and coronary lesions visualized on 
angiography.!*:20 These clues were not found in our 
data. The patients' functional classification may have 


some prognostic value because, among our patients in 
functional class III, three were survivors, one was bal- 
loon-dependent and none was in worse condition during 
pumping (group Ic): These findings are in good agree- 
ment with data from other reports.?9?! Nevertheless, 
urinary flow seems to be the most reliable prognostic 
indicator, as Scheidt et al.22 and Jackson et al.?? re- 
ported. Our data indicate that indexes of left ventricular 
function are also good predictors of survival. 

Long-term survivors: Among our séven short-term 
survivors, only three were long-term survivors: Two of 
the three were in Killip class IV and one in class III be- 
fore balloon pumping. This low long-term survival rate 
was probably related to extensive ventricular and cor- 
onary lesions similar to those observed in the other 
groups. Such a poor long-term prognosis was previously 
observed in balloon-dependent patients and also in 
those who were successfully weaned from circulatory 
assistance.2!,23.27,32 In order to identify surgical candi- 
dates, we performed angiography in all balloon-assisted 
patients whether or not they were balloon-dependent. 
'This procedure was based on the assumption that re- 
ducing ischemic akinetic areas by myocardial revascu- 
larization and suppressing a threatening mechanical 
factor such as an acute aneurysm could improve prog- 
nosis in every patient undergoing pumping. 

Clinical implications: Our results lend support to 
the concept that indications for balloon pumping could 
be optimized through use of objective indexes of severity 
of dysfunction. By using these indexes, counterpulsation 
could reasonably be proposed to patients ranging from 
those predicted to be survivors with conventional 
therapy and those predicted to be nonsurvivors with 
circulatory assistance plus surgery. Similarly, many 
investigators!?2539 have advocated counterpulsation 
in randomized patients with less severe dysfunction 
than those with an expected mortality rate approaching 
100 percent. But the difficulties of selecting patients at 
equal risk lie in defining the objective criteria, in ap- 
praising the patient's status and in obtaining truly ho- 
mogeneous and comparable samples. However, in pro- 
found cardiogenic shock with an extremely high mor- 
tality rate, a fatal outcome is probable unless cardiac 
transplantation is possible. The latter procedure was 
recently performed by Reemtsma et al.,?? but it is not 
generally feasible in all institutions, and all related 
immunologic problems are not yet solved. 
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With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 
in a wider variety of clinical settings for the benefit of increasing 
, numbers of patients. In the operat- 
| ing room, the catheterization lab, 
| 
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Radiopaque 
marker 


e CCU and emergency room. By the 
surgeon, the radiologist, the 
cardiologist. 

We would be pleased to send 
you more information about our 
revolutionary device and to 
schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 


Dept. #5-S, 580 Winters Avenue, 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR" intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part Il, 





you can't hold 
the patient, 
you can't hold 
the pressure 


Sculpture representing the 
alpha central action* of Combipres 9 





Alpha... 


hold the 


pressure 


® central control of blood pressure* 


® low incidence of impotence, 


depression, orthostatic hypotension** 


9 most common side effects are dry 
mouth, drowsiness and sedation, 
which generally tend to diminish with 
time. As with other agents contain- 
ing diuretics, hypokalemia, hyper- 
uricemia, and hyperglycemia may 
occur. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow 
from the brain, as shown in animal studies. 


**Orthostatic hypotension has been reported with chlorthalidone and 
may be potentiated when chlorthalidone is combined with alcohol, bar- 
biturates, or narcotics. 


Combipres 


Each tablet contains: Catapres® (clonidine HCI) 
1 or 0.2 mg, and chlorthalidone, 15 mg 


plus... 


hold the 
patient 


91% compliance" 


Well tolerated 


BL 


Side effect dropouts 


+ Of 484 patients in 16 clinical trials, 


only 9% definitely or probably 
dropped out due to side effects. 


'Data on file, Boehringer Ingelheim Ltd. 


Please see brief summary on last page for warnings, 
precautions, and adverse reactions. 


Combipres is not indicated for initial therapy. It is for patients responsive 
to its components given separately in equivalent dosages. 


A and 2 


Hypertension 





Alpha... 


hold the USTED, | 
hold the patient... 


Combipres ı--.2 


Each tablet contains: Catapres® (clonidine HCI) 
0.1 or 0.2 mg, and chlorthalidone, 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static. but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociatec subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
ccrded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component. This drug may 
erhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
artinypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovescular disease or chronic renal failure 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6€ months or 
loncer 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 





Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative cf potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase 
congestive heart failure, Raynaud’s phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Sxin 
rashes, urticaria and purpura have been reported 
ina few instances 


A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may deveiop incon- 
sistently. This condition, usually reversibie on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and thase pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
cemtration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and'or antihypertensive activity 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gas:rointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
cluce: jaundice, xanthopsia, paresthesia and 
phorosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Protound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age Gastric lavage and administration of an 
anaeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage 
Chlerthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, follawed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 

thal done 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100 

Combipres* 0.2 (Each tablet contains clenidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100 

For complete details, please see full prescribing 
information. 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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PSBOCK NEWS 


from the number one name in medical publishing; 


Now the definitive work! 
Eugene Braunwald's HEART DISEASE 
A Textbook of Cardiovascular Medicine 


Edited by a leading authority in cardiology, this landmark volume provides the most outstanding 
coverage of cardiovascular medicine available today. Dr. Eugene Braunwald has personally written 
or co-authored 27 of the 55 chapters. Contributors include 44 of the most eminent names in the field. 
Over 1,000 figures, 285 tables and 12,700 bibliographic references are provided in this 2,100-page 
volume. HEART DISEASE- now the definitive work. 

Edited and with contributions by Eugene Braunwald, MD, Hersey Professor of Theory and Practice of 
Medicine and Head, Department of Medicine at the Peter Bent Brigham Hospital, Harvard Medical School; 
Physician-in-Chief, Affiliated Hospitals Center, Boston. 1943 pp. 1194 ill. May 1980. Single Vol.: $65.00. 
Order #1923-1. 2-Vol. Set: $75.00. Order #1924-X. 
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Helfant 


BELLET'S ESSENTIALS OF 


CARDIAC ARRYTHMIAS 
2nd Edition 


This authoritative new edition of Dr. Bellet's classic work clearly 
defines difficult concepts and demonstrates a sharper aware- 
ness of clinical correlations. The chapter on electrophysiology 
has been completely rewritten and reorganized to include all 
new research data. Valuable new pharmacology chapters 
included at the end of the book. 

By Richard H. Helfant, MD, FACP, FACC, Prof. of Clinical Medicine, 
Univ. of Pennsylvania School of Medicine, Director, Midatlantic 
Heart and Vascular Institute, Chief, Division of Cardiology, 
Presbyterian-University of Pennsylvania Medical Center, Phila., PA. 
About 430 pp., 210 ill. Ready soon. Order #4626-3. 


Rapaport 
CURRENT CONTROVERSIES IN 
CARDIOVASCULAR DISEASE 


Here are the most pressing, most debated issues in cardio- 
vascular medicine to date, discussed by a renowned expert and 
a sparkling list of well-known contributors. About 40 topics are 
covered. 


Edited by Elliot Rapaport, MD, Prof. of Medicine, Univ. of California, 


San Francisco; Chief of Cardiology, San Francisco General Hospital, 


San Francisco, CA. 761 pp. 162 ill. $39.50. April 1980. 
Order #7459-3. 


Phillips 
MANUAL OF ECHOCARDIOGRAPHIC 
TECHNIQUES 


This comprehensive, clinically-oriented manual combines 
broad coverage with "how-to" instructions on the latest echo- 
cardiographic techniques. A leading pioneer in echocardio- 
graphy and a well-known authority in the field cover the entire 
scope of echocardiography. 

By Betty J. Phillips, ROMS, Chief Ultrasound Technologist, 
Supervisor of Education, Ultrasound Diagnostic Services, Ltd., 
Phoenix, AZ. With the assistance of Vincent E. Friedewald, Jr., MD, 
FACC, FACP, Chief of Cardiology, The Honolulu Medical Group, Inc., 
Asst. Clinical Prof. of Medicine; John A. Burns School of Medicine, 


University of Hawaii, Honolulu. 276 pp., 258 ill. $24.95. March 1980. 


Order #7219-1. 





Juergens, Spittell & Fairtbbaim 
Allen-Barker-Hines PERIPHERAL VASCULAR 
DISEASES 

oth Edition 


The newest edition of this classic text details all vascular 
diseases. You'll find thorough, authoritative up-to-the-minute 
coverage of clinical manifestation of peripheral vascular disease; 
vascular imaging including angiography, ultrasound and com- 
puted tomography, dissecting aneurysm of the aorta; pulmonary 
embolism, chronic venous insufficiency; microvascular surgery 
and limb replantation; amputation in the management of 
occulsive arterial disease; and much more. 


By John L. Jeurgens, MD, Prof. of Medicine, Mayo Medical School; 


John A. Spittell, Jr, MD, Prof. of Medicine, Mayo Medical School; and 


John F. Fairbairn, Il, MD, Assoc. Prof. of Medicine, Mayo Medical 
School. All Consultants, Division of Cardiovascular Diseases and 
Internal Medicine, Mayo Clinic and Mayo Foundation, Rochester, MN. 
981 pp. 531 ill. 36 color plates. Ready soon. Order #5229-8. 


Cc Mail this no-risk coupon today. e 
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Irex: Th 


The irex Phased Ar 
Real Time 
Sector Scanner 


A completely integrated syste 
cardiac ultrasound diagnosis combinin 
to-the-minute, 2-dimensional real 
technology, proven M-Mode diagnostic 4 
bility and the optional Irex heart sound/ 
and respiration module, al! in one co 
mobile unit. 


The Irex System Il M-Mode 
Echocardiograph 


The Irex System ll is a comprehensive non-invasive ultrasound 
cardiac diagnostic system. It features a fibre optic recorder that provides 
superb black and white tracings; a versatile, reliable and easy-to-operate 
echo module; and the optional Irex heart sound/pulse and respiration 
module, all in a rugged easy-to-maneuver console. 


The Irex System Il 
Echocardiograph 
Stress Test Optio 


M-Mode echocardiography 
Stress testing in one convenient, cost 
tive unit, offering the proven reliability ¢ 
Irex System Il, with black and white rec 
complete M-Mode echocardiographic 
bility; fully integrated 3-channel ECG mq 
treadmill controller module and rugged 
cise treadmill. 





e] look at the heart. 


When you consider ultrasound cardiac diagnostic systems, consider 
lrex, the company that offers three ways to look at the heart, three 
distinct systems that offer superb technology, at an affordable price. 


First, the newest, most advanced system, the 
Irex Phased Array Real Time Sector Scanner. Packed into 
its trim, mobile cabinet is a dynamically focused phased 
array system delivering crisp, high resolution images; two 
derived M-Modes, plus a completely independent 
M-Mode channel; and, room to add a heart sound/pulse 
and respiration module. 
In short, the new Irex Phased Array Real Time 
Sector Scanner gives you all the measurements you need 
to perform a complete cardiac ultrasound study. All at a 
price that will pleasantly surprise you. 
Second, the proven Irex System II M-Mode 
Echocardiograph System has a well-deserved reputation 
for performance and reliability. Since its introduction in 
1977, the Irex System Ii has become one of the most 
widely used M-Mode echocardiography systems in the 
world. Its fibre optic recorder provides the clearest, most 
consistent tracings in the industry. The extremely versatile 
cardiac ultrasound module is highly sensitive for better 
definition of small anatomical structures, and the large, 
easy-to-view monitors aid in quick analysis. The optional 
heart sound/pulse module provides four channels: one 
each for respiration, heart sound, and pulse; and one for 
either heart sound or pulse. 
Third, the Irex System Il Echocardiograph 
Stress Test Option, loaded with outstanding features for 
smooth, convenient operator control. The three-channel 
stress module offers a 12-lead diagnostic ECG, plus X, Y 
and Z with automatic lead |.D. Plus bright, easy-to-read 
digital displays of heart rate and elapsed time to quickly 
and accurately monitor patient progress. 
The automatic treadmill control module features 
TEILT fully automatic, operator selectable protocols, with man- 
ual interrupt for safety and maximum control. The tread- 
mill is full size, rugged and quiet. 
lrex: Three ways to look at the heart. With three 
outstanding Irex systems. Each is an outstanding addition 
to your hospital or clinic. Together, they give you the most 
complete ultrasound cardiac diagnostic center available. 
And all systems are backed by a responsive national 
network of factory trained service technicians. 
For more information, please contact: Irex 
Medical Systems, 69 Spring Street, Ramsey, N.J. 07446, 
(201) 327-5990. 
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A new shape in cardiac pacing comes to life. 
Gamma Y 10 mm thin, 41 grams light. 
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WANT FASTER SERVICE? 


If you... Change your Address? 


... Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


E —————— 


AFFIX LABEL 


If you have a new address please print it 
below You MUST include your ZIP code Post 
Office rules will not permit us fo send your 
Magazine to you without it 
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Clip this entire form and attach it to any other 
Correspondence you may have for us and mail 
to. 
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Report on Recent studies “confirm 
Peritrate long-acting nitrates such as 


Peritrate 


AQ (rantzcryth ritol 
Mg tetranitrate) 


; I Are absorbed following 
oral ingestion 


2 Produce prolonged changes 
indiac hemodynamics 


. 





Nuclear Imaging Study 


Cardiac Catheterization Study’ 


To measure the hemodynamic 
effects of Peritrate 40 mg or 
placebo in 53 patients one hour 
after administration. 


To assess hemodynamic effects of Purpose: 
Peritrate 40 mg vs placebo in 


double-blind crossover study. 


Purpose: 


Single-blind study. Measured ejection fraction to 
assess ventricular function. Blood pressure monitored. 


Mean t e » 
Blood 


Pulmonary | Artery 

Artery Wedge v. Luis Pressure "in 
Pressure Pressure Systolic Diastolic 
(mm Hg) (mm Hg) (mmHg) (mm Ha) Before 


Right heart catheterization. 14 separate parameters 
measured. 


Groups I E I 
Combined (n= 34) 


Baseline 


on TIE . Group I (n= 20) 
Peritrate Before 


— I ie 


After 150 
minutes 


(n=19) 
Before 


* Significant from baseline at 5% level. 


After 300 
minutes 


* Significant from baseline at 5% level. 


Summary of Results: Capacitance Parameters Reduced pulmonary arterial wedge pressure 


Reduced left ventricular end-diastolic pressure 


Resistance Parameters Reduced systemic arterial blood pressure 


Increased ejection fraction 


Peritrate” produced significant effects on hemodynamic factors related to preload and afterload. 


For the relief of angina pectoris * 


* [he studies reported here are 
intended only to show the avail 
ability of pentaerythritol tetrani 
trate to the target orqan(s). 


Medicaid Availability 


Peritrate 


(pentaerythritol tetranitrate) 


Affects cardiac hemodynamics following oral ingestion" ' 


Available in a variety of dosage strengths for 
convenience in individual patient titration. 


*Based on a review of this drug by the National Academy of Sciences — National 
Research Council and/or other information, FDA has classified the indications as 
follows: 


“Possibly” effective: Peritrate (pentaerythritol tetranitrate) is indicated for the 
relief of angina pectoris (pain associated with coronary artery disease). It is not 
intended to abort the acute anginal episode but it is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 


Final classification of the less-than-effective indications requires further investigation. 


c) 1980 Warner Lambert Company 
PD-JA-0338-HP (5-80) 


Peritrate 
20 mg 


Peritrate is rated possibly effec 
tive for the relief of angina pe« 


toris, This report does not 
imply a higher ree lassification 
of that rating nor does it imply 
Peritrate the use for other indications. 
VA Consult full prescribing infor 
40 mg ; mation appearing on next page 


Peritrate 
SA 
80 mg 


References 

1. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated left ventricular 
filling pressure in cardiac failure by oral, long ga ting nitrate therapy. Presented at the 
American Federation for Clinical Research, San Francisco, CA, April 29-May 1, 1978. 


2. Winsor D, Winsor T: Cardiac function and hemodynamic parameters after pentaerythri 
tol tetranitrate: assessment by a new noninvasive radionuclide technique. Angiology 


30:266-275, April, 1979. 
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Peritraie^ SA 
Sustained Action (pentaerythritol tetranitrate) 80 mg 


Peritrate” 
(pentaerythritol tetranitrate) 40 mg 


Peritrate” 
(pentaerythritol tetranitrate) 20 mg 


Peritrate® 
(pentaerythritol tetranitrate) 10 mg 


Description Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each 
tablet of Peritrate 20 mg contains pentaerythritol tetranitrate 

20 mg. Each tablet of Peritrate 20 mg contains pentaerythritol 
tetranitrate 10 mg. Peritrate (pentaerythritol tetranitrate) is a 
nitric acid ester of a tetrahydric alcohol (pentaerythritol). 


Indications Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/or 
other information, FDA has classified the indications as 
follows: 

“Possibly” effective: Peritrate (pentaerythritol tetranitrate), 
is indicated for the relief of angina pectoris ‘pain associated 
with coronary artery disease). It is not intended to abort the 
acute anginal episode but it is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications 
requires further investigation. 














Contraindications Peritrate SA Sustained Action (pentaerythritol 
tetranitrate)-80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to 
the drug. 

Warning Data supporting the use of Peritrate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine. histamine, and many other agents. 

Precautions Should be used with caution in patients who have 
glaucoma. Tolerance to this drug and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions Side eftects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of 
medication) and headache and gastrointestinal distress, which 
are usuelly mild and transient with continuation of medication. 

In some cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 
(a) Cutaneous vasodilation with flushing 

(b) Transient episodes of dizziness and weakness. as well as other 
signs of cerebral ischemia associated with postural hypotension, 
may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting. weakness, restlessness, pallor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. Alcohol 
may enhance this effect. 

Dosage Peritrate (pentaerythritol tetranitrate) may be adminis- 
tered in individualized doses up to 160 mg a day. Dosage can be 
initiated at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour 
before or one hour after meals and at bedtime. Tablets can be 
chewed or swallowed whole. 

Alternatively, Peritrate Sustained Action 80 mg can be adminis- 
tered on a convenient b.i.d. dosage schedule; tablets should not be 
chewed. 

How Supplied Peritrate SA Sustained Action (pentaerythritol tetra- 
nitrate) BO mg—double layer, biconvex, dark green; light green 
tablets in bottles of 100 (N 0/40-0004-51) and 1000 

(N 0740-0004-60). Also unit dose, package of 10 by 10 strips 

(N 0740 -0004-1 1). 

Peritrate (pentaerythritol tetranitrate) 40 mg—cora’. scored tab- 
lets in bottles of 100 (N 0470-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0470-0001-51) and 1000 

(N 0470-0001-60). Also unit dose, package of 10 by 10 strips 
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Data on 14,168 adult patients undergoing surgery in the 44 months from 
November 1, 1975 to July 1, 1979 were analyzed to determine the inci- 
dence of need for escalating degrees of mechanical support of the failing 
circulation (intraaortic balloon pump, abdominal left ventricular assist 
device, or both) after cardiopulmonary bypass. Analyses were performed 
using a TRS-80 microcomputer to categorize the postoperative course 
of all adult patients undergoing open heart surgery. It was assumed that 
any patient who died despite pharmacologic and intraaortic balloon 
support was a candidate for more profound mechanical circulatory sup- 
port, that is, the left ventricular assist device, which is 6 to 10 times more 
hemodynamically effective; on this basis, the latter device was needed 
in 430 cases (3 percent). A total of 12,669 patients (89.4 percent) were 
weaned from bypass without difficulty, 1,499 patients (10.6 percent) 
required pharmacologic agents and volume loading during weaning, 326 
patients (2.3 percent) demonstrated inadequate responses to conventional 
pharmacologic therapy and required intraaortic balloon support during 
weaning, 94 patients (0.7 percent) demonstrated an inadequate response 
to conventional pharmacologic and balloon support and 21 patients (0. 1 
percent) underwent profound mechanical circulatory support (abdominal 
implantation of a left ventricular assist device). 


In the 44 months from November 1, 1975 to July 1, 1979, the adult sur- 
gical patient population of our institution has been continuously ana- 
lyzed to determine the incidence of need for mechanical support of the 
failing circulation (intraaortic balloon pump,!-? abdominal left ven- 
tricular assist device, or both) after cardiopulmonary bypass.9-!? These 
studies included: (1) statistical analyses to categorize all adult surgical 
patients requiring cardiopulmonary bypass!!; and (2) retrospective 
analyses to evaluate the adequacy of pharmacologic therapy, balloon 
support,!? or both, and to characterize the patients who received or might 
have benefited from mechanical circulatory support.!?-15 


Methods 


Patients: During this 44 month period, 14,168 adult patients underwent 
cardiac surgery requiring cardiopulmonary bypass. These patients were analyzed 
according to a revised patient entry diagram (Fig. 1) and according to operative 
procedure and mortality rates (Table I). The patient entry diagram describes 
the intraoperative and postoperative courses of the patients from attempted 
weaning from cardiopulmonary bypass until eventual recovery or death. The 
incidence rates of successful or unsuccessful weaning, with or without volume 
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NOVEMBER 1975 — JUNE 1979 


OPERATING ROOM 
CARDIOPULMONARY BYPASS 


14168 (100%)* 









UNSUCCESSFUL 
WEANING FROM CPB 


1499 (10.6%) 

















INADEQUATE RESPONSE TO 
DRUG AND/OR FLUID THERAPY 


383 (2.7%) 









I6 (7.9%) 























INADEQUATE 
RESPONSE TO IABP 


94 (0 7%) 


IABP NOT 
EMPLOYED 


57 (0.4% 


ADEQUATE 
RESPONSE TO IABP 


232 (1.6 94) 





















INADEQUATE RESPONSE 
TO FLUIDS AND 
IV DRUGS 


199 (1.4%) 











LVAD NOT 
] EMPLOYED 








7 





* Number of patients (95 of total) 
""ALVAD removed after 122, 128 and 144 hours 





ADEQUATE RESPONSE TO 
DRUG AND/OR FLUID THERAPY 





INADEQUATE RESPONSE 
TO FLUIDS, 
DRUGS, AND IABP 


83 (0.6%) 


ATH WITHIN 
HRS, POSTOP 


430 (3.0%) 










SUCCESSFUL 
EANING FROM CPB 


12669 (89.4%) 









RECOVERY ROOM, INTENSIVE 
CARE. AND MONITORING 


14017 (98.9%) 






1348 (9.5%) 



















CONTINUED THERAPY AFTER 
24 HOURS IN ICU 


4678 (33.0%) 


No THERAPY REQUIRED 
AFTER 24 HOURS IN ICU 


9339 (65.9%) 






















ADEQUATE RESPONSE 
TO FLuios, IV 
DRucS, AND IABP 


191 (1.3%) 


ADEQUATE RESPONSE 
TO FLUIDS AND 
IV DRUGS 


4205 (29.7%) 




























RECOVERY 






13738 (97.0%) 


FIGURE 1. Texas Heart Institute/National Heart, Lung, and Blood Institute Patient Entry Diagram. 


expansion, pharmacologic adjuncts, and intraaortic balloon 
pump support or abdominal left ventricular assist device 
support, or both, are also tabulated.!? Table I summarizes the 
operative distributions of patients in whom mechanical cir- 
culatory support was utilized or may have been beneficial 
(that is, patients who died within 72 hours postoperatively 
without mechanical circulatory support). The analyses were 
performed using a TRS-80 microcomputer.* 

Clinical analysis of patients receiving intraaortic 
balloon support: This analysis was undertaken utilizing the 
following methods: (1) a quantitative scoring system, (2) a 
classification schema based on hemodynamic indexes, and (3) 


* The TRS-80 microcomputer system (Radio Shack, Tandy Corpo- 
ration, Fort Worth, Texas 76102) is a data management system with 
rapid access to file storage with use of a video monitor. The system is 
a Z-80 microprocessor with 16K of a random access memory and dual 
cassette records. File storage is on 80 K-byte floppy discs for rapid 
access and retrieval. Permanent data records are produced on an 8.5 
inch printer. 
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a biventricular functional categorization matrix.?9?! Figure 
2 and Table II show an integration of these methods. The data 
were derived from serial hemodynamic measurements ob- 
tained from more than 400 patients who underwent intraaortic 
balloon pumping and 21 who had abdominal implantation of 
a left ventricular assist device. Scoring methods (0 to 16) were 
used to predict patient survival during the initial 12 hours of 
balloon support on the basis of cardiac index, mean pulmonary 
arterial wedge pressure, systemic vascular resistance and 
urinary output. Classification methods (classes A to C)* were 


* Class A — cardiac index greater than 2.1 liters/min per m? with 
a systemic vascular resistance less than 2,100 dynes s cm^5 [SVR — 
(A^oP-RAP)80/CO], where AoP = aortic pressure, CO = cardiac output; 
RAP = right atrial pressure and SVR = systemic vascular resistance. 
Class B — cardiac index 1.2 to 2.1 liters/min per m? and systemic 
vascular resistance 2,100 dynes s cm~5. Class C = cardiac index less 
than or equal to 2.1 liters/min per m? with a systemic vascular resis- 
tance equal to or more than 2,100 dynes s cr1^5 or cardiac index less 
than or equal to 1.2 regardless of systemic vascular resistance. 


used to predict patient survival during the initial 12 hours of 
balloon support on the basis of Cartesian coordinate plots of 
cardiac index and systemic vascular resistance at optimal 
pulmonary capillary wedge pressures. Trajectories were 
constructed from data points obtained each hour or more 
frequently during mechanical circulatory support. 

Categorization methods (I to IVc, Fig. 2): Categorization 
methods were used to predict patient survival during the 
initial 12 hours of balloon support on the basis of plots of left 
ventricular minute work index versus right ventricular minute 
work index at varying pulmonary capillary wedge pressures 
and quantitatively reflected degrees of right and left ven- 
tricular recovery or deterioration.?2-?5 


Results 


Intraoperative and postoperative response to 
therapy: Of the 14,168 adult patients who underwent 
cardiac surgery, 1,499 (11 percent) encountered diffi- 
culty during weaning from cardiopulmonary bypass 
(Fig. 1); of these, 1,116 responded to volume expansion 
and pharmacologic therapy and 232 were successfully 
weaned with additional intraaortic balloon support. The 
remaining 151 patients demonstrated inadequate re- 
sponses to pharmacologic therapy, balloon support, or 
both. An intraaortic balloon was implanted in 76 pa- 
tients; an abdominal left ventricular assist device in 3 
and both devices in 18. Three hundred twenty-six pa- 
tients who could not be weaned from cardiopulmonary 
bypass with conventional therapy underwent intraaortic 
balloon implantation, and 21 underwent left ventricular 
assist device implantation. 

Of the 14,017 patients successfully weaned from 
cardiopulmonary bypass, 9,339 had an uncomplicated 
recovery and 4,678 encountered postoperative dif- 
ficulties requiring continued volume expansion and 
pharmacologic therapy, balloon support, or both. Of the 
total 14,168 patients, 13,738 (97 percent) recovered and 
430 (3 percent) died intraoperatively or within 72 hours 
postoperatively. 

Surgical procedures: The surgical procedures for 
each of these 14,168 patients and subgroups of me- 
chanically supported patients and patients who died 
within 72 hours postoperatively (early deaths) are given 
in Table I. The mortality rates for each of these groups 
are compared according to surgical procedure. 

Nine thousand seven hundred eighty-one (69 per- 
cent) of the surgical procedures consisted of aortocor- 
onary bypass grafting, 2,406 (17 percent) valve re- 
placement or repair and 1,341 (10 percent) combined 
aortocoronary bypass, valve replacement or repair and 
resection of left ventricular aneurysm. The remaining 
634 procedures (5 percent) consisted of correction of 
congenital defects, resection of left ventricular aneu- 
rysm and other miscellaneous procedures. The mor- 
tality rate was 2 percent for aortocoronary bypass pro- 
cedure alone, 4 percent for valve surgery and 8 percent 
for combined surgical procedures. The overall mortality 
rate for the 44 month period was 3 percent (based on 
balloon nonsurvivors and late deaths [after balloon re- 
moval], nonsurvivors of left ventricular assistance and 
early deaths [intraoperatively or within 72 hours post- 
operatively]). 
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Quantitative Indications for 
Escalating Degrees of 
Circulatory Support 
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FIGURE 2. Composite analyses of Texas Heart Institute score, class, 
and category as quantitative indications for escalating degrees of 
pharmacologic and mechanical support (Intraaortic balloon pump/ 
abdominal left ventricular assist device). 


The majority of survivors of balloon support (62 
percent), nonsurvivors of balloon support (49 percent), 
patients undergoing left ventricular assistance (66 
percent) and early nonsurvivors (44 percent) underwent 
aortocoronary bypass alone. Five percent of survivors 
of balloon support, 13 percent of nonsurvivors of balloon 
support, 5 percent of late nonsurvivors of balloon sup- 
port, 14 percent of patients undergoing left ventricular 
assistance and 29 percent of patients who died early 
(within 72 hours postoperatively) underwent valve 
surgery. The majority of patients who died after balloon 
removal underwent either combined procedures (44 
percent of late deaths) or aortocoronary bypass proce- 
dures alone (42 percent of late deaths). 


Retrospective Analyses 


The retrospective analyses included three groups of 
patients: (A) patients who died early in their postop- 
erative course and were potential candidates for in- 
traaortic balloon pump/abdominal left ventricular assist 
device support; (B) patients who underwent balloon 
support and survived, or died and thus needed more 
profound circulatory support; and (C) patients who 
underwent abdominal implantation of a left ventricular 
assist device. These analyses determined the relative 
incidence of the need for mechanical circulatory support 
in this patient population and the instances in which 
these needs occurred. 

Group A—early deaths: This subgroup consisted 
of patients who died intraoperatively or within 72 hours 
postoperatively without mechanical circulatory assis- 
tance. During the 44 month period, 255 early deaths 
occurred. Of these, 56 (22 percent) occurred in the op- 
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erating room and 199 (78 percent) in the intensive care 
unit. Of the total, 143 patients (56 percent) were ex- 
cluded from left ventricular assistance because of co- 
incidental conditions, including severe, extensive gen- 
eralized atherosclerosis, congestive heart failure, bac- 
terial endocarditis, documented renal failure, central 
nervous system damage, severe diabetes, chronic ob- 
structive pulmonary disease and complications of sur- 
gery (for example, uncontrollable hemorrhage, rupture 
of the ascending aorta or left ventricle, disseminated 
intravascular coagulopathy) or other factors such as age 
or religion (Jehovah's witness). 


TABLE ! 


The remaining 112 patients (44 percent) were po- 
tential recipients of an abdominal left ventricular assist 
device. Seventeen of this group died intraoperatively 
because of low cardiac output after attempted weaning 
from cardiopulmonary bypass and 95 died postopera- 
tively in the intensive care unit. Sixty-seven of the latter 
died in the immediate postoperative period within 24 
hours and 16 died within 48 hours and 12 between 48 
and 72 hours postoperatively. Intraaortic balloon in- 
sertion was attempted unsuccessfully in six of the pa- 


tients who died in the immediate postoperative pe- 
riod. 


Operative Summary of All Adult Patients Undergoing Cardiopulmonary Bypass 


Intraaortic Balloon Pumping 


Surgical Mortality * Non- Late ALVAD Early 
Procecure(s) Cases (n) (96) Survivors survivors Deaths. Patients (n) Deaths 
Aortocoronary Bypass Grafting 
1 graft 588 2.0 5 3 1 2 6 
2 grafts 2120 1.8 25 13 3 5 18 
3 grafts 4242 2.5 55 36 10 3 55 
4 grafts 2424 1.7 30 12 4 4 22 
5 grafts 374 1.9 a 7 
6 grafts 39 5.1 1 1 
Subtotal 9781 2.1 119 65 18 14 109 
(96 of total) (69.596) (62.396) (48.596) (41.9%) (66.7 95) (44.296) 
Valve Surgery 
MVR 648 4.0 3 1 1 24 
Mit Comm 303 0.7 2 
Mit An 189 1.6 1 2 
MVR, Tri An 41 14.6 1 5 
AVR 957 3.5 2 7 2 25 
AVR, MVR 184 10.9 2 6 1 13 
AVR, Mit Comm 53 2 
Tri An 1 
TVR 1 100.0 1 
Mit Valv 2 50.0 1 
Mit Comm, Tri An 6 
MVR, TVR 6 
AVR, Mit An 3 33.3 1 
AVR, MVR, Tri An 12 16.7 1 2 
Subtotal 2406 3.9 10 17 2 3 73 
(% of total) (17.0%) (5.2%) (12.7%) (4.7%) (14.3%) (29.3%) 
Surgery for Congenital Heart Disease 
ASD 131 0.8 1 
ASD, PS 2 
PS 9 
VSD 35 14.3 1 2 1 2 
ASD, VSD, PS 2 
SS 22 
PAPVR 8 
TAVR 5 20.0 1 
T/F, ASD 1 
AV cana! 4 
T/F 20 5.0 1 
VSD, PS 7 
ASD, VSD 2 
Subtotal 248 3.2 1 2 1 0 5 
(% of total) (1.8%) (0.5%) (1.5%) (2.3%) (—) (2.0%) 
Surgery for Aneurysm 
LVAn 99 6.1 7 4 1 1 
AATA 55 16.4 9 
DTA 7 
Subtotal 161 9 7 4 1 0 10 
(% of total) (1.1%) (3.7%) (3.0%) (2.3%) (=) (4.0%) 


(continued) 
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TABLE | (continued) 


Intraaortic Balloon Pumping 








Surgical Mortality * Non- Late ALVAD Early 
Procedure(s) Cases (n) (96) Survivors survivors Deaths Patients (n) Deaths 
Combined Surgical Procedures 
ACB, MVR 114 8.8 2 5 1 4 
ACB, AVR 304 9.9 5 10 4 16 
ACB, LVAn 687 5.8 42 19 12 1 8 
ACB, AATA 10 20.0 2 
ACB, Mit An 97 14.4 1 4 2 1 7 
ACB, Mit Comm 13 
AVR, AATA 114 9.6 1 2 9 
ACB, AVR, MVR 2 50.0 1 
Subtotal 1341 8.1 51 42 19 2 45 
(% of total) (9.596) (26.7 96) (31.396) (44.296) (9.596) (18.196) 
Miscellaneous 
225 5.7 3 4 2 2 6 
(1.696) (1.696) (3.096) (4.7 96) (9.596) (2.496) 
Totals 
14,168 3:1 191 134 43 21 248 





* Based on early deaths, nonsurvivors of intraaortic balloon pumping, late deaths (after balloon removal) after intraaortic balloon pumping and 
nonsurvivors of left ventricular assistance. 

AATA = resection of aneurysm of the ascending thoracic aorta; ACB = aortocoronary bypass; ALVAD = left ventricular assist device; ASD 
= closure of atrial septal defect; A-V canal = closure of atrioventricular canal; AVR = aortic valve replacement; DTA = resection of aneurysm 
of the descending thoracic aorta; IHSS = correction of idiopathic hypertrophic subaortic stenosis; LVAn = resection of left ventricular aneurysm; 
Mit An = mitral anuloplasty; Mit Comm = mitral commissurotomy; Mit Val = mitral valvotomy; MVR = mitral valve replacement; PAPVR = correction 
of partial anomalous pulmonary venous return; PS — correction of pulmonary stenosis; T/F — correction of tetralogy of Fallot; TGV — correction 
of transposition of the great vessels; Tri An = tricuspid anuloplasty; TVR = tricuspid valve replacement; VSD = closure of ventricular septal de- 
fect. 


TABLE Il 
Summary of Hemodynamic Evaluations During IABP/ALVAD Mechanical Circulatory Support in Patients* 
Prognosticator Score Classification Categorization 
Measurements CI, PCW, SVR, Uo Cl, SVR LVMWI, RVMWI 
Results Scoring methods (0— 16) predicted Classification methods (A-C) Categorization methods (1—4c) 
patient survival during initial 12 predicted patient survival during predicted patient survival during 
hours of IABP. Survivor scores initial 12 hours of IABP, on basis initial 12 hours of IABP, on basis 
progressively improved. of plotted Cl and SVR at optimal of plotted LVMWI and RVMWI at 
Nonsurvivor scores deteriorated. PCW. Therapeutic regimens were varying PCW. Patient survival was 
Optimal PCW ranged from 15-18 conceptualized for various class associated with biventricular 
mm Hg. The Uo was influenced by boundaries. Serial trajectories recovery. IABP/ALVAD actuation 
perfusion level (reflected by CI, indicated patient improvement augmented left and right heart 
SVR) and concomitant and/or deterioration. IABP patients function. Serial trajectories 
pharmacologic support. IABP remaining in class C during initial indicated biventricular 
patients with persisting scores <6 12 hours were at highest risk, improvement and/or deterioration. 
during initial 12 hours were at usually died and/or were ALVAD Patients in category 4c (profound 
highest risk and were ALVAD candidates. Patients in class B BVF) were beyond IABP salvage or 
candidates. Patients with scores of required continued IABP. Patients were ALVAD-dependent. IABP 
6-10 required continued IABP. in class A could be weaned from patients remaining in category 4b 
Patients with scores > 10 could be support. (severe BVF) during initial 12 
weaned from support. hours were ALVAD candidates. 
Patients in category 4a (moderate 
BVF) required continued IABP. 
Patients in categories 3-1 
(congestive, compensated LVF, 
normal) could be weaned from 
support. 
Conclusions Scoring methods were valid, useful Classification methods were rapid, Categorization methods defined 


and defined IABP inadequacies 
within 12 hours in postcardiotomy/ 
infarction patients. In these 
circumstances, ALVAD 
implantation was indicated. 


accurate and defined IABP 
inadequacies within 12 hours in 


postcardiotomy/infarction patients. 


In these circumstances, ALVAD 
implantation was indicated. 


IABP/ALVAD adequacy, 
inadequacy or dependence. 
Increasing biventricular 
dysfunction required escalating 
degrees of pharmacologic and 
mechanical support. 


* Based on cumulative experience of 620 patients undergoing intraaortic balloon pumping and 21 with abdominal implantation of left ventricular 


assist device. 


ALVAD = abdominal left ventricular assist device; BVF = biventricular failure; Cl = cardiac index (liters/min per m?); IABP = intraaortic balloon 
pump; LVF = left ventricular failure; LVMWI = left ventricular minute work index; PCW = pulmonary capillary wedge pressure (mm Hg); RVMWI 
) 


= right ventricular minute work index; SVR = systemic vascular resistance (dynes s cm ^ 


; Uo = urinary output (kg/min per m^). 
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TABLE Ill 
Summary of 21 Patients Undergoing Support With Abdominal Left Ventricular Assist Device 
Cardiopulmonary 
Bypass Time 
Age (yr) (min); Duration 
& Surgical Ischemic: of Support 
Case Sex Diagnosis Procedure Total (h) Result Comment 
1 58M CAD, ACB X 1 41; 100 1 Death, OR Inability to wean from CPB; 
AMI post AMI 
2 52M CAD, ACB X4 70; 230 2 Death, OR Inability to wean from CPB; 
AMI post AMI 
3 61M CAD, ACB X2 44; 209 3 Death, OR Inability to wean from CPB; 
AMI post AMI 
4 47M RHD, AVR, MVR 54; 73 8 Death, ICU Post CPB, ventricular 
Al MI fibrillation 
5 49F CAD ACB X2 52; 76 140 Pump IABP utilized to wean from 
removed ALVAD 
6 51M CAD ACB X3 89; 211 2 Death, OR Inability to wean from CPB; 
cardiac arrest post 
catheterization 
7 68M CAD ACB X2 40; 120 1 Death, OR Inability to wean from CPB 
8 40F RHD, Al, AVR, 78; 373 26 Death, ICU Inability to wean from CPB 
MI AS, Mit Comm 
MS 
9 46M CAD ACB X3 81; 346 128 Pump Inability to wean from CPB 
removed 
10 52M  RHD, MI, AVR, MVR 19; 89 2 Death, OR Inability to wean from CPB; 
AS profund biventricular 
failure 
11 54M CAD, 2 Death, OR ALVAD utilized as a 
AMI resuscitative measure 
for patient in 
cardiogenic shock 
12 53M CAD ACB X2, 44; 281 4 Death, OR Inability to wean from CPB 
Mit Ann, with IABP; progressive 
IABP right heart failure 
13 68M CAD ACB X4 98; 272 4 Death, OR Inability to insert IABP 
(aortoiliac occlusive 
disease); uncontrollable 
hemorrhage 
14 35F CAD ACB X2, 56; 288 40 Death, ICU Inability to wean from CPB 
IABP with IABP; left 
ventricular failure 
15 48F CAD ACB X4, 54; 96 2 Death, OR Inability to wean from CPB 
IABP with IABP; progressive 
biventricular failure and 
disseminated 
intravascular 
coagulopathy 
16 58F CAD, ACB X3, 86; 252 30 Death, ICU Inability to wean from CPB 
LVAn RLVAn, with IABP; right 
IABP ventricular failure 
17 21M AI, MI, AVR, MVR 96; 189 122 Pump removed ALVAD utilized for 
SBE prior to heart complete circulatory 
transplant support following 
ischemic myocardia: 
contracture with no 
evidence of left 
ventricular recovery. 
Patient died 15 days 
after ALVAD removal/ 
cardiac transplant 
18 35F CAD, ACB X2, 51; 264 18 Death, ICU Inability to wean from CPB 
VSD VSDc 
19 60M CAD ACB X4 64; 145 2 Death, OR Inability to wean from CPB; 
AMI 
20 55M CAD, ACB X3, 43; 64 15 Death, ICU Cardiac arrest after AMI 
LVAn RLVAn 
21 68M CAD ACB X 1 18; 40 1 Death, OR Inability to wean from CPB 


ACB = aortocoronary bypass grafting; Al = aortic insufficiency; ALVAD = abdominal left ventricular assist device; AMI = acute myocardial 
infarction; AS = aortic stenosis; AVR = aortic valve replacement; CAD = coronary artery disease; CPB = cardiopulmonary bypass; IABP = intraaertic 
balloon pump; ICU = intensive care unit; LVAn = left ventricular aneurysm; MI = mitral insufficiency; Mit Comm = mitral commissurotomy; MS 
= mitral stenosis; MVR = mitral valve replacement; OR = operating room; RHD = rheumatic heart disease; RLVAn = resection of left ventricular 
aneurysm; SBE = subacute bacterial endocarditis; VSD = ventricular septal defect; VSDc = closure of ventricular septal defect. 
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Group B— patients receiving intraaortic balloon 
pump support: À total of 410 patients* received in- 
traaortic balloon support during this 44 month period. 
Of these 410 patients, 205 (50 percent) demonstrated 
an adequate response and survived; 155 patients (38 
percent) demonstrated an inadequate response and died 
intraoperatively (55 patients), postoperatively (79 pa- 
tients) or after myocardial infarction (21 patients). Fifty 
patients (12 percent) demonstrated an adequate re- 
sponse to intraaortic balloon pump support initially but 
died following balloon removal. Of the nonsurviving 
patients, 34 (8 percent) were excluded from implanta- 
tion of a left ventricular assist device. 

The duration of intraaortic balloon pumping for all 
surgical patients (excluding 77 who died intraopera- 
tively after 1.5 + 0.5 [mean + standard deviation] hours 
of support) was. an average of 51 hours (range 3 to 195). 
Survivors were supported for 61 hours (range 3 to 195) 
and nonsurvivors for 24 hours (range 3 to 159). 

Over the 44 month period, intraaortic balloon pump 
support was utilized preoperatively in 19 patients (5 
percent); intraoperatively, during weaning from car- 
diopulmonary bypass in 236 (58 percent); in the early 
postoperative period before transport to the recovery 
room in 71 (17 percent); postoperatively after deterio- 
ration in the intensive care unit in 42 (10 percent) and 
after acute myocardial infarction with cardiogenic shock 
in 42 (10 percent). 

During the 44 month period, 62 percent of all 410 
patients receiving intraaortic balloon pump support 
were successfully weaned from mechanical circulatory 
support and 50 percent were discharged from the hos- 
pital. Balloon insertion was attempted unsuccessfully 
in 26 patients. Nine (35 percent) of these 26 patients 
recovered, 11 (42 percent) died within 24 hours, 4 (15 
percent) died more than 72 hours postoperatively and 
2 (8 percent) underwent abdominal implantation of a 
left ventricular assist device. 

Group C— patients receiving an abdominal left 
ventricular assist device: This group consisted of 21 
patients (Table III) who underwent profound me- 
chanical circulatory support during this period. In 16, 
the left ventricular assist device was utilized when it 
proved impossible to wean the patient from cardio- 
pulmonary bypass. In four patients, the pump was uti- 
lized after the occurrence of preoperative or postoper- 
ative cardiac arrest with persistent ventricular fibril- 
lation or asystole, or both. In the remaining patient, the 
left ventricular assist device was utilized as a resusci- 
tative measure for severe postinfarction cardiogenic 
shock. In 18 of these patients, intraaortic balloon 
pumping had initially been utilized but the response 
had been inadequate. 


* This group included 368 surgical patients (90 percent): 191 sur- 
vivors, 134 nonsurvivors and 43 late deaths (after balloon removal) 
(survival rate 52 percent). In addition, 42 patients treated medically after 
myocardial infarction received balloon support: 14 survivors, 21 non- 
survivors and 7 late deaths (survival rate 33 percent). 
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Discussion 


During the 44 month period, there were 255 patients 
(2 percent) in whom conventional pharmacologic 
therapy and volume loading proved inadequate; these 
patients died within 72 hours without the intraaortic 
balloon pump. Additionally, 175 patients (1 percent) 
had an inadequate response and died. Thus, the po- 
tential need for more profound mechanical circulatory 
support (abdominal left ventricular assist device) ex- 
isted among 430 patients (3 percent) who demonstrated 
an inadequate response to conventional pharmacologic 
therapy, balloon support during weaning from cardio- 
pulmonary bypass, or both.2 The incidence of patients 
who required mechanical circulatory support was 
greatest in those undergoing low mortality aortocoro- 
nary bypass procedures (mortality rate 2 percent) and 
was less frequent in those patients undergoing higher 
mortality valve procedures (mortality rate 4 percent) 
and combined surgical procedures (mortality rate 8 
percent). 

Indications for abdominal left ventricular assist 
device support: On the basis of clinical analyses of in- 
adequate responses to intraaortic balloon support 
among these patients, the indications for abdominal left 
ventricular assist device support were refined. Three 
interrelated quantitative methods were utilized: 
methods of scoring, classification and categorization. 
From an integration of these quantitative methods, we 
found that patients with scores of 14 to 16 in category 
I were normal and either did not require or could then 
be weaned from mechanical circulatory support. Pa- 
tients with scores greater than 10, in class A or categories 
II and III responded to digitalis, diuretic drugs and 
vasodilators. Patients with scores of 6 to 10, in class B 
or category IVa required the intraaortic balloon pump 
with various degrees of pharmacologic support. Patients 
with scores of less than 6, in class C or category IVb re- 
quired abdominal left ventricular assist device support. 
At the other end of the spectrum were patients re- 
maining in category IVc who could not be saved without 
cardiac replacement. 

During these 44 months, 21 patients qualified for and 
underwent abdominal left ventricular assist device 
implantation. In 18, intraaortic balloon pumping was 
initially used without achieving adequate responses. 
The ventricular assist device was removed from two 
patients after hemodynamic recovery (Patients 5 [140 
hours?) and nine [128 hours!?]) and from one patient 
who subsequently underwent cardiac allografting (Pa- 
tient 17 [122 hours]) (Table III).25 

Abdominal implantation of a left ventricular assist 
device (partial artificial heart) was most likely to be 
performed in patients whose condition deteriorated 
intraoperatively after inadequate responses to con- 
ventional pharmacologic and intraaortic balloon pump 
support. The device was more frequently implanted in 
patients who underwent statistically high risk surgical 
procedures than in those who underwent low risk pro- 
cedures. It was less frequently implanted in postoper- 
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ative patients who demonstrated inadequate responses 
to pharmacologic or intraaortic balloon pump support, 
or both, who subsequently died within 48 hours in the 
intensive care unit. 

There were 430 patients (3 percent of 14,168) who 
needed more profound mechanical support during or 


after weaning from cardiopulmonary bypass on the 
assumption that any patient who died despite maximal 
pharmacologic adjuncts, intraaortic balloon pump 
support, or both, was a candidate for more profound and 
effective mechanical (abdominal left ventricular assist 
device) circulatory support.?? 
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Among 63 patients with Prinzmetal’s variant angina, coronary arterial 
spasm responsible for attacks of variant angina was documented arte- 
riographically in 9 patients. In each observed episode (11 attacks in nine 
patients), coronary spasm producing myocardial ischemia occurred at 
and was superimposed on a site of preexisting organic stenosis. Mea- 
surements of normal portions of “spastic” and ‘‘nonspastic”’ vessels 
suggested a generalized uniform constriction of all major coronary arteries 
during attacks, with “spasm” limited to the site of an organic lesion in most 
cases. In two cases the magnitude of constriction in all vessels was 
consistent with generalized coronary hypercontractility or spasm. 

Among 104 patients with organic coronary artery disease and docu- 
mented single vessel coronary spasm (foregoing 9 patients combined with 
95 others from published reports), there were 70 patients with essentially 
single vessel organic coronary disease in 90 percent of whom the spasm 
involved the diseased vessel. Of 60 cases abstracted from the literature 
in which the relation of coronary spasm to the site of organic disease was 
described, 88 percent had the spasm causing ischemia localized to the 
site of an organic lesion. Hypotheses attempting to describe the patho- 
physiologic aspects of coronary spasm in variant angina must account 
for the intimate association of spasm with sites of organic stenosis in the 
majority of cases. 


Variant angina, defined as spontaneous angina pectoris associated with 
transient S-T segment elevation, has been proved to be caused usually 
by episodic coronary arterial spasm.'? Coronary spasm has also been 
implicated in many cases of spontaneous angina with S-T depression! 
and in some cases of effort-related angina.?* The mechanism for this 
coronary spasm is unknown, but my experience in many patients indi- 
cates that it is somehow related to the presence of organic obstructive 
disease in the same artery.?? A critical examination of the latter relation 
is the subject of this investigation. 


Methods 


Patients: My own series of 63 patients with Prinzmetal's variant angina in 
whom coronary arteriography was performed was reviewed to detect and analyze 
those patients with evidence of coronary arterial spasm on angiography. Each 
patient had spontaneous attacks of angina pectoris, usually at rest, with organic 
coronary arteriographic abnormalities insufficient to explain the clinical findings. 
In 57 patients transient S- T segment elevation was documented during symp- 
toms. The other six patients are included because each had clinical findings 
absolutely typical of Prinzmetal's variant angina with preservation of exercise 
capacity? 5; in two patients symptoms were associated with reversion of chron- 
ically inverted T waves to upright with “reciprocal” S-T depression in other leads; 
in three patients ischemic S- T depression was seen during symptoms in the single 
lead monitored; in one patient an electrocardiogram was never obtained during 
symptoms although coronary spasm during angina was documented. 

Coronary arteriography: Single plane selective coronary cinearteriograms 
performed by the technique of either Sones or Judkins (without vasodilator 
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premedication) were carefully reviewed on a Vanguard XR-35 
35 mm cine viewer. With the catheter tip as a calibrating 
object, luminal diameters were measured with the aid of di- 
viders, and the severity of the stenoses was estimated as a 
percent (rounded off to the nearest 5 percent) of the normal 
luminal diameter in the view showing the greatest degree of 
stenosis.’ 

Coronary arterial spasm is defined, for purposes of this 
study, as a transient constriction of a coronary artery that 
appears greater than normal vasomotion, resulting from 
contraction of its vascular smooth muscle. This designation 
is merely used for convenience and does not make any as- 
sumption concerning hypercontraction of the vascular smooth 
muscle. 

Previously published cases: From a review of the world 
literature in which more than 1,700 cases of variant angina are 
reported, 128 cases were found in which coronary arterial 
spasm was documented angiographically during an episode 
of myocardial ischemia manifested by angina pectoris, tran- 
sient ischemic electrocardiographic changes, or both, and in 
which the coronary anatomy was adequately described. The 
attack need not have been spontaneous; it was spontaneous 
in 67 cases?9-9? and provoked by ergonovine in 45 
cases,?.11,12,18,22,38,49-55 isometric exercise (1 case),?9 hyper- 
ventilation with?? or without?? alkalinization with Tris-buffer 
(5 cases), subcutaneous epinephrine after beta adrenergic 
bloekade (4 cases),°? subcutaneous methacholine (3 cases),99 
exercise (3 cases)? or the Valsalva maneuver (1 case).?! These 
128 cases were grouped together with 9 similarly qualified 
cases from my own series to form a total of 137 cases for 
analysis. 


Results 
Personal Observations 


Of my 63 patients with Prinzmetal's variant angina, 
none had arteriographically normal coronary arteries. 
Five patients (8 percent) had only plaques narrowing 
the lumens by no more than 10 percent; in each there 
was involvement of the artery in whose distribution 
electrocardiographic changes occurred during anginal 
attacks. In an additional 8 cases (13 percent), although 
mild stenoses were present, no vessel was narrowed by 
as much as 50 percent of its normal diameter. The re- 
maining patients all had 50 percent or greater stenosis 


of one (37 cases), two (8 cases) or three (5 cases) major 
coronary arteries. 

"Spontaneous" coronary arterial spasm was ob- 
served at arteriography in 16 of these patients, and it 
was induced with ergonovine maleate in an additional 
4 patients. The frequency of the various types of coro- 
nary spasm is diagrammed in Figure 1. There were eight 
instances of spasm in the proximal right coronary artery 
intimately related to and presumably due to the cath- 
eter tip (13 percent of the 63 patients). In the other five 
instances of nonischemic spasm the change in vessel 
diameter occurred at the site of preexisting crganic le- 
sions in three patients and in apparently normal por- 
tions of the vessel in 2 patients. In three of the cases of 
nonischemic spasm not related to the catheter tip, in 
which it was possible to identify definitely the spastic 
artery responsible for the variant anginal attacks, the 
nonischemic spasm occurred in that vessel. 

Location of spasm causing ischemia: Among the 
11 cases in which coronary arteriography was performed 
during an anginal attack, there were nine in which cor- 
onary arterial spasm was documented simultaneously 
with symptoms or electrocardiographic signs of myo- 
cardial ischemia (‘Table I). In five cases the spasm was 
spontaneous and in four it was induced by intravenous 
ergonovine maleate. In each of these nine cases the 
myocardial ischemia was associated with superim- 
position of active coronary vasoconstriction and further 
luminal narrowing at the site of preexisting organic 
luminal defect. An example is illustrated in Figure 2. 
In eight of these cases this organic lesion was the most 
severe one present in that vessel. In the ninth case the 
vessel during spasm became almost completely occluded 
at the site of a previous proximal 30 percent stenosis in 
the circumflex coronary artery with such poor filling 
distally that any changes in a more distal organic 50 
percent stenosis could not be observed. Although the 
spasm in most cases extended proximally from the 
narrowest point of the organic stenosis, this was never 
more than about 1 cm and never into angiographically 
normal vessel. In two cases (Cases 1 and 2) two separate 


22 EPISODES OF CORONARY ARTERIAL SPASM 
OBSERVED IN 20 PATIENTS WITH VARIANT ANGINA 


Spasm Not Associated With 
Myocardial Ischemia 
(13 episodes in 11 patients) * 


Catheter-Induced Spasm Remote 


Spasm Associated 
With Myocardial 
Ischemia (9 patients)t 


Spasm in Proximal From Catheter Spontaneous Induced by Ergonovine 
RCA (8 patients) Tip (5 patients) (5 patients) Maleate (4 patients) 
i In Apparently 
AE Normal Portion 
(3 patients) of Vessel 


(2 patients) 


FIGURE 1. Diagram showing the frequency of various types of coronary arterial spasm. Twenty-twc episodes of coronary arterial spasm were 
observed in the 20 patients with variant angina. RCA = right coronary artery. * In two patients both catheter-induced spasm (without ischemia) 
and spontaneous spasm associated with angina were seen.! The spasm was located at the site of organic narrowing in all nine cases. 
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spontaneous attacks of angina were seen during the 
course of coronary arteriography; in each attack, spastic 
obstruction of the coronary artery occurred at the site 


of the same organic stenosis (Fig. 2). 


Changes in “nonspastic” parts of “spastic” ves- 
sels: In seven cases it was possible to compare quanti- 
tatively the size of normal portions of the spastic coro- 
nary artery proximal to the point of spasm during the 
attack with the same region after relief of the attack 


TABLE | 
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with nitroglycerin. In five cases the normal proximal 
vessel was between 18 and 27 percent larger after ni- 
troglycerin than it was during the attack, a magnitude 


of change commonly seen in normal persons after ni- 


Patients With Angiography During Coronary Arterial Spasm 


Age (yr) at 
Onset of 

Symptom; 
Case Sex 
1 51F 
2 47M 
3 50M 
4 59M 
5 63M 
6 52F 
7 48M 
8 58F 
9 57F 
10 53M 
11 49F 


ECG Changes 
During Attack 


Inverted T becomes 
upright and 
depressed S-T 
isoelectric in aVF; 
S-T depression and T 
inversion occur in 


V 

s-T^ii Ill, aVF; S-T JI, 
aVL, aVR, V4, 
Vo-Ve 

STI Il, V4- Vst 

S-TTil, IIl, aVF; S-T I, 
aVL, V4- Vg 


S-T11, II, Ill, aVF, Vs, 
Ve; S-T|V4-V5 


S-T11, aVL, Vo-Vs; 
S-T III, Ill, aVF 

S-T! V4-Vs 

S-TlaVL, Vat 


S-T1 Vst 


1. Sr 
2. S-T12, 3, aVF; 
S-TlaVL, V3-Vs 


S-TlaVF; S-T| V3, Vst 


Coronary 
Arteriogram in 
Absence 
of Attack: Ischemic Spasm; 
% Diameter Change in 96 
Stenosis Diameter Stenosis 


80% prox RCA; 
50% mid LAD; 
70% Diag; 80% 
Sept; 30% 
distal LCx 


Spontaneous: 
1. RCA 80 — 100%; 
2. RCA 80 — 85% 
with slow 
distal flow 


70% mid LCx Spontaneous: LCx 70 


(dominant LCA — 100% (two 
system); plaque identical attacks 
mid LAD seen) 

40% prox LAD; Ergonovine-induced: 
40% Diag LAD 40—100% 
plaques RCA 

35% prox RCA; Ergonovine-induced: 
70% Diag; RCA 35-95% with 
50% Marg slow distal flow 


30% prox LCx; 
50% distal LCx; 
40% Marg; 40% 


Ergonovine-induced: 
LCx 30—9596 with 
slow distal flow; 


mid LAD; 45% LAD 40--60%; 
RCA RCA 45-75% 

Plaque prox LAD; Spontaneous: LAD 
50% mid RCA plaque 100% 
30% Marg 


10% prox LAD; 
10% prox LCx 


Spontaneous: LAD 
10— 9096 with slow 


distal flow 
6096 mid LAD; Ergonovine-induced: 
plaque LCx; LAD 60—70 96 
plaque RCA 
4096 mid LAD; Spontaneous: LAD 


50% Sept; 45% — 40— 10096; LCx 


prox LCx; patent — 45— 5096 
LAD bypass graft 
30% distal RCA; — Ergonovine-induced: 


5096 PD; 3096 
prox LAD; 5596 
prox LCx; 5096 


LCA injected during 
RCA spasm; distal 
RCA seen through 


Marg collateral channels only; 


LAD 30— 6095; LCx 
55-50%; Marg 


50—35% 
40% prox RCA; Ergonovine-induced: 
40% prox LCx LCA injected during 
RCA spasm (RCA 


not seen at that 
time); LCx 4096 
unchanged 


troglycerin.91-63 In one case relief of the attack with 
nitroglycerin was associated with a 55 percent increase 
in the diameter of the normal proximal vessel, a degree 
of change uncommonly seen in normal persons. In one 
case the proximal vessel was actually 11 percent larger 


Change in Diameter 
Nonischemic of Normal Portions 
Spasm: of Vessels During 
Description Attack * 


Prox RCA 118%; 
distal RCA |23% 


Prox LCx4 1996; 
prox LAD} 1896 


Prox LAD|27 96; 
prox LCx| 3596 


Prox RCA 11196; 
distal RCA) 26% 


Prox LCx | 1996; 
distal LCx} 29%; 
mid LAD (24946; 
prox RCA 410% 


At catheter tip Prox LAD (2396; 
in RCA distal LAD, 2396; 
prox LCx437 96 
Distal LAD} 53%; 
prox LCx 45596 


At catheter tip Prox LAD (5596; 
in RCA distal LAD) 4096; 
prox LCx ,47 96; 
mid RCA 145% 


Mid RCA Prox LAD | 9%; 
50—*0 96 prox LCx 4 17 96; 
PD 90— 5096 Marg 13096 


Prox LAD | 1396; 
prox LCx}30% 


* Change in vascular diameter during attack is expressed as percent of post-nitroglycerin diameter: 1 = increase, | = decrease. 
t Only leads recorded during anginal attack. 
Diag = diagonal branch of anterior descending artery; LAD = anterior descending coronary artery; LCA = left main coronary artery; LCx = left 
circumflex coronary artery; Marg = marginal branch of circumflex artery; mid = middle portion of; PD = 
artery; prox = proximal; RCA = right coronary artery; Sept = septal branch; S-T = S-T segment; S-T| = transient S-T segment elevation; S-T 
= transient S-T segment depression; T = T wave. 


terior descending branch of right cor 
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FIGURE 2. Case 2. Left anterior oblique view of left coronary arteriogram. All frames shown are at identical magnification. A, taken while patient 
was receiving a continuous intravenous drip infusion of sodium nitroprusside; there is an eccentric 70 percent diameter stenosis (arrow) of the 
circumflex artery. There is marked left coronary arterial dominance. B, with the nitroprusside drip turned off, an attack of angina occurred during 
which complete occlusion (arrow) of the circumflex artery develops at the site of the organic stenosis; simultaneous electrocardiogram showed 
S-T segment elevation in leads II, Ill and aVF. There is also a uniform decrease in diameter of the anterior descending and marginal branch arteries. 
C, 1 minute after sublingual administration of nitroglycerin, the patient's symptoms subside and the circumflex artery is again patent, but there 
are persistent focal regions of narrowing (arrows) in distal segments that previously appeared normal. D, 3 minutes after nitroglycerin administration, 
the areas of focal spasm have disappeared, but all vessels are still slightly smaller than when patient was receiving nitroprusside. E, 15 minutes 
later another spontaneous anginal attack is again associated with occlusion (arrow) of the circumflex arterv at the site of the organic stenosis. 
F, 3 minutes after nitroglycerin administration the circumflex artery is again patent with persistence of the organic stenosis. Other coronary arterial 
branches are also larger than they were during anginal attacks. 
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during the attack than subsequently after nitroglycerin, filling of the distal vessel. In these five cases and in one 
possibly because of the significant hypertension present other in which the distal vessel was visualized through 
during the attack. a bypass graft despite complete spastic obstruction of 

In four of the five cases in which obstruction was in- the proximal vessel, the distal artery was seen well 
complete during the attack, the flow of contrast medium enough to be measured and was constricted by roughly 
through the stenosis was markedly slow with delayed the same amount as the proximal normal portions of the 







FIGURE 3. Case 9. Coronary arteriograms. A, right coronary artery preoperatively in left anterior oblique view reveals a large vessel apparently 
free of disease. B, right coronary artery in left anterior oblique view 4 months later after aortocoronary saphenous vein bypass grafting of the anterior 
descending artery. No premedication was used. During this arteriogram the patient was complaining of mild chest pain. Moderate proximal spasm 
of the vessel is seen at the catheter tip (arrow). The entire artery is remarkably smaller than it had been preoperatively (both frames A and B are 
at identical magnification). C, left coronary arteriogram in right anterior oblique projection postoperatively during a spontaneous attack of severe 
angina; the anterior descending artery has a severe stenosis at its origin at the site of a plaque and is occluded (arrow) about 15 mm distally at the 
site of a previous 40 percent organic diameter stenosis. Only septal and diagonal branches arising proximal to the occlusion are visible and are 
notably attenuated. The circumflex coronary artery appears small with mild areas of narrowing proximally. D, left coronary artery in right anterior 
oblique projection after sublingual nitroglycerin and relief of angina. The anterior descending artery is patent and all vessels are strikingly larger 
than they are during the anginal attack. A 40 percent diameter organic stenosis persists at the site of occlusion of the anterior descending artery 
(proximal arrow). The saphenous vein graft fills retrogradely from the anterior descending artery, which is “tented” up at the site of graft insertion 
(distal arrow). An organic 45 percent proximal circumflex stenosis persists. 
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vessel when compared with the postnitroglycerin di- 
ameter (about 23 to 29 percent in four cases, and 40 and 
58 percent, respectively, in two cases). 

Changes in “nonspastic” arteries: In eight cases 
the size of *nonspastic" vessels could be measured 
during an anginal attack (spontaneous in three cases 
and ergonovine-induced in five cases) and again after 
nitroglycerin. In all of these the normal portions of the 
vessels were smaller during the attack than after ni- 
troglycerin (10 to 35 percent in six cases and 47 and 50 
percent in the two cases that also showed the highest 
degree of vasoconstriction of the distal part of the 
"spastic" vessel) (Fig. 3). In four of these cases, seven 
"nonspastic" vessels contained an organic stenosis. 
During the attack the minimal luminal diameter at 
these stenotic sites decreased in each instance. The 
calculated percent diameter stenosis increased in three 
vessels (30 to 60 percent, 40 to 60 percent, and 25 to 75 
percent), but because of the proportionately greater 
decrease of normal luminal diameter, the percent di- 
ameter stenosis actually decreased in two vessels (55 to 
50 percent, and 50 to 35 percent). This finding serves to 
emphasize the fact that percent diameter stenosis and 
changes therein with vasomotion can be very mislead- 
ing. *Percent stenosis" can decrease while absolute 
stenosis diameter and calculated hydrodynamic flow 
resistance increase.92,64 

The overall impression gained from these measure- 
ments was that a generalized vasoconstriction of all 
major coronary arteries accompanied anginal attacks, 
with the magnitude of change in the luminal diameter 
being about the same in the normal segments of all 
vessels. Exaggerated focal decrease in luminal size, 
giving the appearance of localized spasm, was usually 
limited to areas of preexisting organic stenosis, and the 
transient changes produced in some, but not all, of these 


TABLE Il 


areas were sufficient to produce local myocardial isch- 
emia. 


Supplemental Observations from the Literature 


Of the 128 reported cases of variant angina in which 
coronary spasm was documented during an attack of 
transient myocardial ischemia, there were 117 (91 per- 
cent) in whom the coronary spasm causing ischema 
appeared to be limited to only one coronary artery and 
11 (9 percent) in which two arteries were involved. Of 
the 117 patients with single coronary arterial spasm, 22 
(19 percent) reportedly had “normal” coronary arteries. 
Of the 11 patients with severe coronary spasm in 2 
vessels simultaneously, 3 had reportedly normal coro- 
nary arteries and another 3 had no organic narrowing 
greater than 10 percent of the luminal diameter. Among 
the 16 arteries seen to undergo spasm in the 8 patients 
with some organic disease, 11 vessels were diseased and 
5 appeared normal; the most severely narrowed vessel 
participated in spasm in 6 cases but did not in 2 
cases. 

Relation of coronary spasm to site of coronary 
disease: The frequency of spasm involving normal and 
diseased vessels in my 9 patients and in the reported 128 
cases is shown in Table II, which also combines the data 
from these two sources. Figure 4 shows data from the 
104 patients who had single vessel coronary spasm and 
some organic coronary disease. The degree of organic 
stenosis in the vessel experiencing spasm is plotted 
against the degree of stenosis in the next most severely 
organically involved coronary artery. Data points rep- 
resenting patients with essentially single vessel or 
minimal organic coronary artery disease are clustered 
along or near the zero lines of the ordinate and abscissa; 
there are 70 such cases (67 percent) in which only 1 
coronary artery is narrowed more than 10 percent of its 


Cases (n) With Angiography During Myocardial Ischemia Due to Coronary Arterial Spasm 


Coronary arterial spasm during angina 
Normal coronary arteries 
Single vessel spasm 
Double vessel spasm 
Organic coronary disease present 
Single vessel spasm 
In vessel with organic disease 
In apparently normal vessel 
Double vessel spasm 
In vessels with organic disease 
In apparently normal vessels 
Cases with organic coronary lesions in 
which location of spasm specifically 
defined 


Spasm occurring at the site of organic 
lesion 

Spasm occurring in apparently normal 
portion of vessel 


Compiled 
Present From Combined 
Series Literature Data 
9 128 137 
0 25 (2096) 25 (18%) 
0 22 22 
0 : 3 
9 103 (8096) 112 (8296) 
9 104 
9 90 99 
0 5 5 
0 8 8 
(11 vessels) 
(5 vessels) 
E 60 69 
a 53 (8896) 62 (9096) 
1* 7 (1296) 8 





* In case 9 of my series spasm of the proximal left anterior descending coronary artery occluded the vessel, but the spasm seemed to involve 
also apparently normal portions of the distal vessel, which was visualized through a patent aortocoronary graft. 


148 


July 1980 The American Journal of CARDIOLOGY Volume 46 


diameter, indicating the great frequency with which 
variant angina is associated with essentially single vessel 
organic coronary disease. Only 7 (10 percent) of these 
70 cases lie along the abscissa, demonstrating the great 
predilection for ischemic coronary spasm to involve the 
organically narrowed vessel in cases of variant angina 
with single vessel disease. However, in 10 percent of the 
patients with single vessel organic coronary disease, 
spasm occurred in a vessel with little or no disease. Thus 
it is unwise in patients with variant angina with single 
vessel disease to assume without other objective infor- 
mation that the diseased vessel is the spastic one. 

The data points more toward the middle of Figure 4 
represent patients with at least two organically nar- 
rowed coronary arteries. There are many points about 
and on either side of the imaginary line of identity. This 
indicates that when two (or more) coronary arteries are 
narrowed organically, the relative degree of stenosis is 
not a reliable guide as to which artery undergoes spasm, 
although there is a slight tendency for severe spasm to 
occur in the more severely narrowed vessel if cases with 
complete occlusion of the nonspastic vessel are ex- 
cluded. 

Inspection of Figure 4 also reveals a relatively uniform 
distribution of the degree of organic stenosis in the 
spastic coronary artery. However, these data are prob- 
ably biased by including a greater proportion of patients 
with milder grades of organic stenosis because of the 
inclusion of drug-provoked attacks of coronary spasm; 
patients with high grade organic coronary stenosis are 
less likely to be subjected to such provocation and are 
thus less likely to manifest coronary spasm on arteri- 
ography. 

In 60 of the 128 reported cases both organic 
coronary narrowing in the vessels involved in spasm 
and sufficient angiographic data were found to 
determine precisely the site of the spasm in relation 
to any organic lesions present. In 53 of these 60 cases 
(88 percent), the spasm causing the ischemia was 
precisely superimposed on and limited to the site of a 
preexisting organic lesion (although admittedly the 
distal limit of the spasm was frequently indeterminate 
when spasm produced complete occlusion of the 
vessel 3,5.12-15,17-19,22,26,27,30-32,37,41,42,45—49,51,54,57,59 In 
another four cases the spasm seemed centered in an area 
of the vessel containing organic lesions, but extended 
over a 2 to 4 cm length of the vessel involving some 
portions of the vessel that had previously appeared 
normal.®2:39.40 In one case spasm occurred at the site of 
a high grade organic lesion, but occurred simultaneously 
at a focal site in an apparently normal portion of the 
distal vessel.46 In only two cases did severe spasm occur 
exclusively in apparently normal portions of a coronary 
artery that contained sites of organic stenosis them- 
selves uninvolved with spasm.*°2 

In angiographically normal coronary arteries, the 
site of spasm was unpredictable from the angiogram 
between original attacks; the spasm, although often 
focal, tended to be more multiform and variable in site, 
more frequently extended over long segments of a vessel 
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and was more frequently multifocal than was the spasm 
seen in association with an organically narrowed coro- 
nary artery. 


Discussion 


Critique of methods: Problems limiting the accuracy 
of generalizations about variant angina include the 
pleomorphism and unpredictability of its clinical pre- 
sentation and the inability of most investigators to 
study large enough groups of patients to include rep- 
resentative samples of various possible subgroups. The 
resort to selecting cases from the literature to obtain a 
larger data base for study helps to overcome this latter 
difficulty but imposes new biases. Unusual cases tend 
to be reported more frequently than typical cases, which 
in variant angina might mean a tendency to find re- 
ported a disproportionate number of patients with mild 
or no organic coronary disease. Inclusion of cases with 
drug-induced coronary spasm would tend to produce 
a bias in the same direction. In addition, although the 
observations that exist do indicate the similarity of 
spontaneous and drug-induced attacks of coronary 
spasm,!+11,22,65,66 the number of patients in whom both 
types of attacks have been studied is still small and this 
question cannot be regarded as definitively answered. 

Personal conversations with other investigators 
around the world who are interested in and have pub- 





% DIAMETER STENOSIS OF VESSEL SHOWING "SPASM" 


Q 10.20 30 40.50 60 70 S80 90 199 
% DIAMETER STENOSIS OF OTHER CORONARY ARTERY 

FIGURE 4. Percent organic diameter stenosis found between attacks 
in the coronary artery manifesting spasm during an anginal attack in 
104 patients with vasospastic angina (vertical axis) correlated with the 
degree of organic stenosis present in the same cases in the next most 
severely diseased but ‘‘nonspastic’’ coronary artery (horizontal axis). 
Solid circles, open triangles and open circles identify the specific 
“spastic” vessel, which is, respectively, the right coronary artery (RCA), 
the anterior descending artery (LAD) and the left circumflex coronary 
artery (CMFX). Lesions described only as “plaques” have arbitrarily 
been assigned a magnitude of 5 percent diameter stenosis. See text 
for further discussion. 
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lished articles on coronary spasm reveal that some of 
these authors have reported as angiographically “nor- 
mal" coronary arteries that in fact had “minor luminal 
irregularities" and even stenosis up to 25 percent of the 
luminal diameter.®’ This was thought justified because 
these lesions were deemed “insignificant.” This dubious 
practice, the frequency of which is unknown, may in 
part explain the discrepancy in the frequency with 
which angiographically normal coronary arteries were 
found between, on the one hand, my own series (none 
in 63 patients) and those of Delahaye et al.® (1 of 41 
cases), Buonanno et al.®9 (2 of 40 cases), Plotnick et al.”° 
(3 of 44 cases), Besse et al.?! (3 of 42 cases), Rovelli et 
al.72 (3 of 34 cases), Johnson et al.?? (4 of 42 cases), 
Maseri et al.! (less than 9 of 107 cases), and, on the other 
hand, the patient group I assembled from the literature 
(25 of 128 cases) and the reports of Yasue et al.7* (8 of 
13 cases), Endo et al.75 (14 of 35 cases), Selzer et al.79 (7 
of 29 cases), Wiener et al.? (7 of 29 cases), and Miyata 
and Hosoda” (13 of 28 cases). The consistency of a high 
proportion of normal coronary arteries in reports of 
variant angina from Japan suggests the possibility of a 
truly different incidence of this situation in that 
country.7475,77 

Incidence of nonischemic coronary arterial 
spasm: Some evidence of coronary arterial spasm has 
been reported in 0.26 to 3.4 percent of all patients 
undergoing selective coronary arteriography,?^79-8? but 
for patients not receiving vasodilator premedication it 
is seen in 1 to 3 percent of cases.?58081 In most instances 
this spasm is due to mechanical stimulation of the ar- 
teries by the catheter tip, is unrelated to the presence 
or absence of organic coronary disease and does not 
produce myocardial ischemia.?7/79-53 In my experience 
catheter-induced coronary spasm was more common in 
patients with variant angina than in other patients (8 
of 63 cases [13 percent]). 

Spontaneous coronary spasm not related to the 
catheter tip and not producing myocardial ischemia is 
also more common in patients with variant angina; it 
was seen in about 8 percent of my cases and usually took 
place in the vessel having severe spasm during anginal 
attacks. This finding is consistent with the findings of 
other workers.! The incidence of this finding in variant 
angina would probably be much higher if we were able 
to make long-term observations of the coronary arteries 
in such patients. Whether this type of spasm is related 
in any way to the presence of organic coronary lesions 
cannot be ascertained with the available data. This type 
of spasm is seen exceedingly rarely in normal pa- 
tients. 

Coronary spasm causing myocardial ischemia: 
Not all investigators have noted a high correlation be- 
tween the site of coronary spasm causing myocardial 
ischemia and organic lesions. Maseri et al.,! who have 
had extensive experience in this area, warn that even in 
patients with organic coronary disease the spasm may 
extend for considerable distances proximally and dis- 
tally from an organic stenosis, may not be in the same 
location during all anginal attacks, may involve an entire 
vessel diffusely even into smaller branches without focal 
constriction and may be multifocal. Amiel et al.94 also 


noted a less predictable relation of the site of spasm to 
organic lesions. However, the results of this investiga- 
tion suggest that the majority of patients with variant 
angina have some organic stenosis in the coronary artery 
subject to attacks of spasm, ard, when present, an or- 
ganic stenosis is the site in that vessel where the spasm 
occurs in about 90 percent of cases. This is consistent 
with the findings of many other observers.?:22,:7,51,54,85-88 
Even when a coronary artery appears normal in the area 
of spasm between attacks of vasospasm, the possibility 
exists that severe organic disease is presert at that 
site.13,89 

Any hypothesis attempting to explain the patho- 
physiologic mechanisms involved in spontaneous cor- 
onary arterial spasm in ischemic heart disease must 
account for this intimate association of spasm and an 
organic lesion in the majority of patients as well as for 
the severe spasm seen in that minority of patients with 
angiographically normal arteries. That this latter group 
indeed includes some patients without any organic 
coronary disease has been confirmed in a few cases at 
autopsy.28:90.91 

Some general hypotheses are obvious: The first is 
that coronary arterial spasm represents a state of hy- 
percontractility and hyperirritability of coronary ar- 
terial smooth muscle that may or may not be localized 
to a single coronary branch or local region of that 
branch. This explanation is most appropriate for that 
minority of patients with variant angina with struc- 
turally normal coronary arteries. Further research and 
new knowledge are required to specify causes for this 
hypercontractility and hyperirritability. 

A second hypothesis is that coronary arterial spasm 
producing ischemia of the heart is merely the result of 
normal vasomotion superimposed on organic coronary 
stenoses that, by virtue of retaining their pliability, can 
be deformed by physiologic contraction of the sur- 
rounding medial smooth muscle. This mechanism was 
actually proposed for variant angina by Prinzmetal et 
al.5 in their first report on that syndrome. Gensini et 
al.9! observed considerable spontaneous vasomotion in 
large coronary arteries. That the size of these vessels is 
normally maintained by a degree of vascular smooth 
muscle tone is documented by their dilation with ni- 
trates9!-94 and constriction with ergonovine male- 
ate.°1,53,54 A diurnal variation in this tone is present in 
at least some patients with variant angina.9? Pliability 
of the coronary lesions has been documented repeatedly, 
as noted in this study, and with other quantitative an- 
giographic techniques.?96264 Elementary geometric 
analysis reveals that even relatively minor stenoses of 
a vessel can greatly magnify the encroachment on the 
lumen produced by small amounts of medial smooth 
muscle shortening, such that even complete ocelusion 
can be produced at sites of pliable stenoses by physio- 
logic amounts of coronary constriction.?? My own ob- 
servations are consistent with those of others who have 
indicated that when preexisting organic coronary ste- 
nosis in patients with variant angina is aggravated by 
vasoconstrictor drugs, the worsening of the stenosis is 
usually accompanied by a generalized vasoconstriction 
of all coronary arteries, which includes sites of organic 
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stenoses.?9:54.62 The localization of the “spasm” to the 
site of a particular organic stenosis may be a manifes- 
tation of the peculiar geometry and pliability of the 
stenotic lesion rather than the result of any local hy- 
percontractility of vascular smooth muscle. Although 
much clarification is needed about what constitutes and 
determines “normal” coronary arterial vasomotion, I 
find this hypothesis an attractive one to explain the 
intimate connection between coronary spasm and or- 
ganic coronary stenosis in most patients with variant 
angina. 

A third hypothesis is an amalgamation of the first 
two. Hypercontractility and hyperirritability (of as yet 
unknown cause) are present in coronary arteries, one or 
more of which contain a pliable organic stenosis that, 
for geometric and physical reasons previously alluded 
to, is the usual site where transient obstruction becomes 
severe enough to produce regional ischemia. However, 
spasm in normal portions of the same or another vessel 
can also be severe enough to produce ischemia. At least 
two of my patients appeared to fit into this category 
(Cases 8 and 9; Fig. 3). 

A fourth hypothesis is that coronary spasm is local- 
ized to a region of organic disease because the latter in 
some way sensitizes the vascular smooth muscle locally 
or acts as a stimulus for local hypercontraction of the 
media about the lesion. Although I have found no data 
to refute its possibility, existing evidence does not de- 
mand that this mechanism be operative in coronary 
vasospastic disorders. 

A fifth hypothesis is that in vessels with important 
organic stenosis, platelet aggregation could occur at the 
points of narrowing and cause a temporary obstruction 
of blood flow either directly, as suggested by the animal 
studies of Folts and Rowe,” or indirectly by the release 
of vasoconstrictor substances. There is little evidence 
bearing on this possibility in human beings. 

A sixth hypothesis is that in the presence of impor- 
tant organic stenosis, cessation of regional coronary 
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blood flow during spontaneous angina could be due to 
ischemia-induced alterations in the distal microvascu- 
lature, and that the failure of contrast medium to pass 
beyond the stenotic area of the vessel gives the errone- 
ous impression of increased obstruction at the site of 
stenosis. This possibility has been suggested by the 
animal experiments of Selwyn et al.95 Its occurence in 
human beings has not yet been documented, and it 
clearly is not applicable in patients with a minor degree 
of organic stenosis or in those in whom serial angiograms 
during the onset and offset of anginal attacks un- 
equivocally demonstrate local coronary spasm causing 
obstruction. 

Clinical implications: Which of the foregoing hy- 
pothetical mechanisms is responsible for attacks of 
myocardial ischemia in a given patient has important 
diagnostic and therapeutic implications. The ability to 
quantitate coronary arterial reactivity and to separate 
patients with hyperreactive vessels from those with 
normally reactive ones might allow a better prediction 
of the outcome of bypass graft surgery in patients with 
variant angina with important organic stenoses. In the 
presence of a state of generalized coronary hypercon- 
tractility, a careful search for the underlying cause (such 
as end organ hypersensitivity to normal stimuli, ab- 
normal neural stimuli or circulatory vasoconstrictors, 
generalized increase in thickness of arterial walls) might 
yield findings suggesting new concepts for therapy. A 
better understanding of the determinants of normal 
coronary arterial vasomotion would allow a more ra- 
tional approach to its modification as a means of pre- 
venting ischemic sequelae in patients with pliable or- 
ganic stenoses. 


Acknowledgment 


I thank Abdul S. Abbasi, MD, for permission to use material 
from the cineangiograms of Case 9 in Figure 3 of this report. 
I am also grateful to Jeanne Yamaguchi for her assistance in 
preparing this manuscript. 


References 


1. Maseri A, Severi S, DeNes M, L'Abbate A, et al. "Variant" angina: 
one aspect of a continuous spectrum of vasospastic myocardial 
ischemia. Am J Cardiol 1978;42:1019-35. 

2. Wiener L, Kasparian H, Duca PR, et al. Spectrum of coronary 
arterial spasm. Clinical, angiographic and myocardial metabolic 
experience in 29 cases. Am J Cardiol 1976;38:945-55. 

3. Specchia G, DeServi S, Falcone C, et al. Coronary arterial spasm 
as a cause of exercise-induced ST-segment elevation in patients 
with variant angina. Circulation 1979;59:948—54. 

4. Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. 
Circadian variation of exercise capacity in patients with 
Prinzmetal's variant angina: role of exercise-induced coronary 
arterial spasm. Circulation 1979;59:938—48. 

5. Prinzmetal M, Kennamer R, Merliss R, Wada T, Bor N. Angina 
pectoris 1. A variant form of angina pectoris. Am J Med 1959; 
27:375-88. 

6. MacAlpin RN, Kattus AA, Alvaro A. Angina pectoris at rest with 
preservation of exercise capacity: Prinzmetal's variant angina. 
Circulation 1973;47:946-58. 

7. MacAlpin RN, Abbasi AS, Grollman J, Eber L. Coronary artery size 
during life: a cinearteriographic study. Radiology 1973;108: 
567-76. 


8. Distante A, Severi S, Biagini A, Maseri A. Clinical results with 
nitrates in patients with “primary” angina at rest. In: Maseri A, 
Klassen GA, Lesch M, eds. Primary and secondary angina pectoris. 
New York: Grune & Stratton, 1978:389-95. 

9. Bauman D. Complications after provocation of coronary spasm 
with ergonovine maleate. Am J Cardiol 1978;42:694. 

10. Taurino L, Storelli A, Roma F. | farmici Ca++ antagonisti 
nell'angina di Prinzmetal. Boll Soc Ital Cardiol 1976;21:1111-8. 

11. Heupler FA, Proudfit WL, Razavi M, Shirey EK, Greenstreet R, 
Sheldon WC. Ergonovine maleate provocative test for coronary 
artery spasm. Am J Cardiol 1978;41:631-40. 

12. Higgins CB, Wexler L, Silverman JF, Schroeder JS. Clinical and 
arteriographic features of Prinzmetal's variant angina: documen- 
tation of etiologic factors. Am J Cardiol 1976;37:831-9. 

13. Dhurandhar RW, Watt DL, Silver MD, Trimble AS, Adelman AG. 
Prinzmetal's variant form of angina with arteriographic evidence 
of coronary arterial spasm. Am J Cardiol 1972;30:902-5. 

14. Rozanski JJ, Meller J, Kleinfeld M, Castellanos A, Kupersmith 
J. Nonmechanical ST-segment alternans in Prinzmetal's angina. 
Ann Intern Med 1978;89:76-7. 

15. Prchkov VK, Mookherjee S, Schiess W, Obeid Al. Variant anginal 
syndrome, coronary artery spasm, and ventricular fibrillation in 


July 1980 The American Journal of CARDIOLOGY Volume 46 151 


————— —— - oe y- - — ge oS 


RELATION OF CORONARY SPASM TO STENOSIS—MacALPIN 


16. 
12 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


26. 


27. 
28. 
29. 
30. 
31. 


32. 


33. 


35. 


37. 


39. 


152 


absence of chest pain. Ann Intern Med 1974;81:858-9. 

Kerin N, Macleod CA. Coronary artery spasm associated with 
variant angina pectoris. Br Heart J 1974;36:224-7. 

Chahine RA, Raizner AE, Luchi RJ. Coronary arterial spasm in 
classic angina pectoris. Cath Cardiovasc Diag 1975;1:337—42. 
Johnson AD, Stroud HA, Vieweg WVR, Ross J. Variant angina 
pectoris. Clinical presentations, coronary angiographic patterns, 
and the results of medical and surgical management in 42 con- 
secutive patients. Chest 1978;73:786-94. 

Maseri A, Mimmo R, Chierchia S, Marchesi C, Pesola A, L'Abbate 
A. Coronary artery spasm as a cause of acute myocardial ischemia 
in man. Chest 1975;68:625-33. 

Owlia D, Prabhu R, Pierce JA, Stoughton PV, Shankar KR, Nino 
A. Variant angina pectoris due to coronary artery spasm. Chest 
1975;67:727-9. 

Gaasch WH, Lufschanowski R, Leachman RD, Alexander JK. 
Surgical management of Prinzmetal's variant angina. Chest 1974; 
66:614-21. 

Bramucci E, Specchia G, deServi S, et al. Reproducibilita' del 
quadro clinico, elettrocardiografico e coronarografico dello spasmo 
coronarica spontaneo mediante ergonovina maleato, G Ital Cardiol 
1978;8:489-95. 

Applefield MM, Ronan JA. Prinzmetal's angina with extensive 
spasm of the right coronary artery. Chest 1974;66:721-2. 
Schroeder JS, Silverman JF, Harrison DC. Right coronary artery 
spasm causing Prinzmetal's variant angina. Chest 1974;65: 
573-7. 

Fallen EL, Cairns JA, Stolberg HO, Tanser PH. Relief of coronary 
artery spasm by nitroglycerin: time-dependent variability in drug 
action. Cath Cardiovasc Diag 1978;4:237-47. 

Brown BG, Bolson E, Frimer M, Dodge HT. Quantitative coronary 
arteriography. Estimation of dimensions, hemodynamic resistance, 
and atheroma mass of coronary artery lesions using the arteriogram 
and digital computation. Circulation 1977;55:329-37. 

Chahine RA, Raizner AE, Ishimori T, Luchi RJ, McIntosh HD. The 
incidence and clinical implications of coronary artery spasm. 
Circulation 1975;52:972-7. 

Cheng TO, Bashour T, Kelser GA, Weiss L, Bacos L. Variant angina 
of Prinzmetal with normal coronary arteriograms. A variant of the 
variant. Circulation 1973;47:476-85. 

Oliva PB, Potts DE, Pluss RG. Coronary arterial spasm in 
Prinzmetal angina. Documentation by coronary arteriography. N 
Engl J Med 1973; 288:745-50. 

Clark DA, Quint RA, Mitchell RL, Angell WW. Coronary artery 
spasm. Medical management, surgical denervation, and auto- 
transplantation. J Thorac Cardiovasc Surg 1977;73:332-8. 
Groves BM. Variant angina: an electrocardiographic and arterio- 
graphic spectrum produced by coronary artery spasm. Curr Probl 
Cardiol 1977;2(4):1-7 1. 

Higgins CB, Wexler L, Silverman JF, Hayden WG, Anderson WL, 
Schroeder JH. Spontaneously and pharmacologically provoked 
coronary arterial spasm in Prinzmetal variant angina. Radiology 
1976;119:521-7. 

Berman ND, McLaughlin PR, Huckell VF, Mahon WA, Morch JE, 
Adelman AG. Prinzmetal's angina with coronary artery spasm. 
Angiographic, pharmacologic, metabolic and radionuclide perfusion 
studies. Am J Med 1976;60:727-32. 


. Choquet Y, Proulx J, Primeau R, Lapointe L, Levy R. Coronary 


hypertonia and angina. Can Med Assoc J 1974;111:161-3. ` 
Hart NJ, Silverman ME, King SB. Variant angina pectoris caused 
by coronary artery spasm. Am J Med 1974;56:269-74. 


. Curry RC Jr. Prinzmetal’s angina: Provocative test and current 


therapy. JAMA 1978;240:677-9. 

Bertrand ME, Laisne C, Lefebvre JM, Carré A, Warembourg H 
Jr, Lekieffre J. Le spasme des artéres coronaires. Arch Mal Coeur 
1977;70: 1233-44. 


. Froment R, Normand J, Amiel L. Angine de poitrine du type 


Prinzmetal. Coronaires perméables, mais spasme de l'inter-ven- 
triculaire antérieure en cours de crise. Arch Mal Coeur 1973;66: 
755-61. 

Hiltgen M, Guermonprez JL, Sellier P, Gerbaux A, Maurice P. 
Angor de Prinzmetal. A propos de 16 cinéangiographies coronaires 
sélectives et de 13 interventions (pontages aorto-coronaires). Arch 
Mal Coeur 1973;66:553-70. 


July 1980 The American Journal of CARDIOLOGY Volume 46 


40. 


41. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


63. 


Rizzon P, Rossi L, Calabrese P, Franchini G, DiBiase M. Angio- 
graphic and pathologic correlations in Prinzmetal variant angina. 
Angiology 1978;29-486-90. 

King MJ, Zir LM, Kaltman AJ, Fox AC. Variant angina associated 
with angiographically demonstrated coronary artery spasm and 
REM sleep. Am J Med Sci 1973;265:419-22. 


. Hanse JF, Sande E. Treatment of Prinzmetal's angina due to 


coronary artery spasm using verapamil: a report of three cases. 
Eur J Cardiol 1978;7:327-35. 

Raabe DS Jr. Treatment of variant angina pectoris with perhexiline 
maleate. Chest 1979;75:152-6. 


. Linares-Casas JC, Ochoteco A, Cisneros y Martinez-Rios F. 


Coronary spasm and acute coronary insufficiency. Acta Cardiol 
1974;29:333-9. 


. Trevi GP, Thiene G, Benussi P, et al. Prinzmetal's variant angina. 


Clinical, angiographic and pathological correlations in two typical 
cases. Eur J Cardiol 1976;4:319-25. 


. Chahine RA, Raizner AE. Another look at Prinzmetal's variant 


angina. Eur J Cardio! 1977;6:7 1-82. 


. Angoli L, Marinoni GP, Falcone C, et al. Spasme coronarien à 


l'effort. Démonstration coronarographique d'un cas. Arch Mal 
Coeur 1978;7 1:823—6. 


. Marsh CA, Benchimol A, Desser KB. Variant angina pectoris. Pain 


and arrhythmias controlled after postoperative myocardial in- 
farction. JAMA 1976 235:833-7. 

Mathey D, Montz R, Hanrath P, et al. Kurzfristige regionale Myo- 
kardischamie und ihre Folgen bei Prinzmetal-Angina-pectoris. 
Dtsch Med Wochenschr 1978;103:969- 7 1. 

Curry RC, Pepine CJ, Sabom MB, et al. Hemodynamic and myo- 
cardial metabolic effects of ergonovine in patients with chest pain. 
Circulation 1978; 58:6548—54. 

Schroeder JS, Bolen JL, Quint RA, et al. Provocation of coronary 
spasm with ergonovine maleate. New test with results in 57 pa- 
tients undergoing coronary arteriography. Am J Carciol 1977; 
40:487-91. 

Ricci DR, Orlick AE, Doherty PW, Cipriano PR, Harrison DC. 
Reduction of coronary blood flow during coronary artery spasm 
occurring spontaneously and after provocation by ergonovine 
maleate. Circulation 1978;57:392-5. 

Curry RC, Pepine CJ, Sabom MB, Feldman RL, Christie LG, Conti 
CR. Effects of ergonovine in patients with and without coronary 
artery disease. Circulation 1977;56:803-9. 

Cipriano PR, Guthaner DF, Orlick AE, Ricci DR, Wexier L, Sil- 
verman JF. The effects of ergonovine maleate on coronary arterial 
size. Circulation 1979;59:82-9. 

Salhadin P, Lebedelle M, VanThiel E, Demaret B, Vancermoten 
P, Denolin H. L'apparition à l'effort de l'image de lésion sous- 
épicardique en l'absence de signes de nécrose myocardique. Acta 
Cardiol 1977;32:401-22. 

Widlansky S, McHenry PL, Corya BC, Phillips JF. Coronary an- 
giographic, echocardiographic, and electrocardiographic studies 
on a patient with variant angina due to coronary artery spasm. Am 
Heart J 1975;90:631-5. 

Yasue H, Nagao M, Omote S, Takizawa A, Miwa K, Tanaka S. 
Coronary arterial spasm and Prinzmetal's variant form cf angina 
induced by hyperventilation and Tris-buffer infusion. Circulation 
1978;58:56-62. 

Kleinfeld MJ, Rozanski JJ. Alternans of the ST segment in 
Prinzmetal's angina. Circulation 1977;55:574-7. 

Yasue H, Touyama M, Kato H, Tanaka S, Akiyama F. Prinzmetal's 
variant form of angina as a manifestation of alpha-adrenergic re- 
ceptor-mediated coronary artery spasm: documentation by coro- 
nary arteriography. Am Heart J 1976;91:148—55. 

Endo M, Hirosawa K, Kaneko N, Hase K, Inoue Y, Konno S. 
Prinzmetal's variant angina. Coronary arteriogram and left ven- 
triculogram during angina attack induced by methacholine. N Engl 
J Med 1976;294:252-5. 

Gensini GG, Kelly AE, DaCosta BC, Huntington PP. Quartitative 
angiography: the measurement of coronary vasomobility in the 
intact animal and man. Chest 197 1;60:522-30. 


. Brown BG, Bolson E, Frimer M, Dodge HT. Angiographic distinction 


between variant angina and non-vasospastic chest pain. Circulation 
1978;Suppl II:1I- 122. 
Feldman RL, Pepine CJ, Curry RC Jr, Conti CR. Coronary arterial 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


7T. 


78. 


79. 


responses to graded doses of nitroglycerin. Am J Cardiol 1979; 
43:91-7. 

Feldman R, Pepine C, Conti R. A case against the routine use of 
nitroglycerin prior to coronary angiography. Circulation 1976; 
54:Suppl II:1I-232. 

Pesola A, Ballestra AM, Maseri A, DeNes M. Evidence of coronary 
spasm in man during “primary” angina at rest. Relation to the site 
of atherosclerotic stenosis. In: Maseri A, Klassen GA, Lesch M, 
eds. Primary and secondary angina pectoris. New York: Grune & 
Stratton, 1978: 239-46. 

Curry RC Jr, Pepine CJ, Sabom MB, Conti CR. Similarities of er- 
gonovine-induced and spontaneous attacks of variant angina. 
Circulation 1979;59:307- 12. 

Conference on Coronary Arterial Spasm, held at Disneyland Hotel, 
Anaheim, California, March 9 and 10, 1978. 

Delahaye JP, Touboul P, Porte J, et al. Discussion de l'attitude 
thérapeutique dans l'angine de Prinzmetal. A propos de 46 ob- 
servations. Arch Mal Coeur 1975;68:1133-42. 

Buonanno C, Dander B, Trevi GP, et al. Angina “variante.” Aspetti 


80. 


81. 


84. 


85. 


86. 


clinici, elettrocardiografici e coronariografici in 40 casi. Consid-- 


erazioni terapeutiche. G Ital Cardiol 1976;6:762-75. 

Plotnick GD, Carliner NH, Fisher ML, DeFelice CE, Becker L. Rest 
angina with transient ST segment elevation. Correlation of clinical 
features with coronary anatomy. Am J Med 1978;65:257-61. 
Besse P, Pribat P, Sicart M, Clémenty J, Choussat A, Dallocchio 
M. Aspects actuels de l'angor de Prinzmetal. Ann Cardiol Angéiol 
1976;25:421-31. 

Rovelli F, Bruno L, Cadel A, Casolo F, DeVita C, Pellegrini A. 
Angina instabile. Osservazioni su 187 pazienti di cui 84 operati 
di bypass aortocoronarico. Giorn Ital Cardiol 1975;,5:829—42. 
Johnson A, Stroud H, Vieweg WVR, Ross J. Variant angina: cor- 
onary angiographic patterns and results of medical and surgical 
therapy in 42 consecutive patients. Am J Cardiol 1978;41:358. 
Yasue H, Omote S, Takizawa A, et al. Pathogenesis and treatment 
of angina pectoris at rest as seen from its response to various 
drugs. Jpn Circ J 1978;42:1- 10. 

Endo M, Kanda I, Hosoda S, Hayashi H, Hirosawa K, Konno S. 
Prinzmetal's variant form of angina pectoris. Re-evaluation of 
mechanisms. Circulation 1975,52:33-37. 

Selzer A, Langston M, Ruggeroli C, Cohn K. Clinical syndrome 
of variant angina with normal coronary arteriogram. N Eng! J Med 
1976;295: 1343-7. 

Miyata K, Hosoda S. Coronary arteriographic findings in patients 
with variant form of angina pectoris (Jap). Saishin Igaku 1974; 
29:65-75. 

Lavine PG, Kimbiris D, Linhart SW. Coronary artery spasm during 
selective coronary arteriography: a review of 8 years experience. 
Circulation (Suppl IV) 1973;48:1V—89. 

Linhart JW. Prinzmetal variant of angina pectoris. JAMA 1974; 
228:342-3. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


.95. 


July 1980 


RELATION OF CORONARY SPASM TO STENOSIS—MacALPIN 


Demany MA, Tambe A, Zimmerman HA. Coronary arterial spasm. 
Dis Chest 1968;53:7 14-21. 

Buda AJ, Levene DL, Myers MG, Chisholm AW, Shane SJ. Cor- 
onary artery spasm and mitral valve prolapse. Am Heart J 1978; 
95:457-62. 


. Amiel M, Delaye J, Age C, Clermont A, Amiel, Delaye J. Étude 


angiographique des spasmes en coronarographie. J Radiol Electrol 
1974;55:187-91. 


. Gensini GG. Incidence of documented myocardial ischemia, angina 


and infarction in patients with normal coronary angiograms. In: 
Maseri A, Klassen GA, Lesch M, eds. Primary and Secondary An- 
gina Pectoris. New York: Grune & Stratton, 1978: 129-43. 
Amiel M, Delaye J, Delahaye JP, Janin A, Devic J. Prinzmetal et 
spasme coronarien concomitants. J Radiol Electrol 1977,58: 
27-34. 

Raizner AE, Ishimoro T, Chahine RA, Jamal N. Coronary artery 
spasm induced by the cold pressor test. Am J Cardiol 1978;41: 
358. 

Kimura E, Hosoda S, Katoh K, et al. Panel discussion on the variant 
form of angina pectoris. Jpn Circ J 1978;42:455-76. 

DeServi S, Specchia G, Angoli L, et al. Etude clinique, angio- 
graphique et mécanisme pathogénique de l'angine de Prinzmetal. 
A propos de 31 observations. Arch Mal Coeur 1979;72:32-8. 
Benacerraf A, Castillo-Fenoy A, Tonnelier M, Wagniart P. Le test 
au maléate de méthyl-ergométrine au course de la coronarographie 
dans les douleurs thoraciques spontanées. Arch Mal Coeur 
1979;72:39-47. 

Petitier H, de Lajartre AY, Geslin PH, et al. Dysplasie fibreuse 
intimale coronaire et angor de Prinzmetal. Arch Mal Coeur 
1978;7 1:1053-9. 

Auzépy Ph, Blondeau M, Albessard F. Aspects electrocardi- 
ographiques suggestifs d'un angor de Prinzmetal avec artéres 
coronaires normales à l'autopsie. Arch Mal Coeur 1974,67: 
1107-13. 

Duchosal PW, Henny G. Angine de poitrine et hyperthyróidisme. 
Cardiologia 1942;5:37 1-87. 

Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. 
Circadian variation of exercise capacity in patients with 
Prinzmetal's variant angina: role of exercise-induced coronary 
arterial spasm. Circulation 1979;59:938-48. 

MacAlpin RN. Contribution of dynamic vascular wall thickening 
to luminal narrowing during coronary arterial constriction. Circu- 
lation, 1980;61:296-301. 

Folts JD, Rowe GG. Platelet aggregation in stenosed coronary 
arteries: mechanism of sudden death (abstr)? Am J Cardiol 1978; 
41:425. 

Selwyn AP, Fox K, Clay T. The effect of acute regional myocardial 
ischemia on the angiographic anatomy of coronary arteries. Cir- 
culation 1979;60:1335-42. 


The American Journal of CARDIOLOGY Volume 46 153 


INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


THE WHOLE PAPER 


e Address manuscript to Managing Editor, 
American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10019. 

e Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 

+ Number all pages in above sequence, be- 
ginning with title page as 1, abstract as 2, 
etc. 

e Type all matter: (1) on 8'/ X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side cf each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, where 
applicable, FACC for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase ''Address for re- 
prints: . . .” followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 words for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


* Type in duplicate; double-space. 

e Do not use abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
Parkinson-White. 

* Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann intern Med 
1979; 90:95-9; Br Med J 1979; 1:532-5; and 
Lancet 1979:1:428-30. 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

* Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

* Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

* Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


+ Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

e Use arrows to desigr.ate special features. 
* Crop photomicrographs to show only es- 
sential field. 

e Identify figures on back by number and au- 
thor's name. 

« Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants, Chilaren and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 
For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 


154 July 1980 The American Journal of CARDIOLOGY Volume 46 


CONTROVERSIES IN CARDIOLOGY —I 


Indications for Surgery of the Mitral Valve 
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Milwaukee, Wisconsin 


In a recent review of the indications for mitral valve 
surgery published in this Journal, Fowler and Van Der 
Bel-Kahn! suggested that as a general rule, mitral valve 
replacement should be “considered only for patients in 
functional classes III or IV of the New York Heart As- 
sociation? who do not respond to medical management 
.... Patients with mitral stenosis, who are often can- 
didates for mitral commissurotomy, should not have 
surgical treatment “as long as symptoms can be con- 
trolled medically," since there need be no fear of *pro- 
gressive left ventricular dysfunction that might become 
irreversible." Our practice at the Milwaukee Regional 
Medical Center of the Medical College of Wisconsin is 
sufficiently different to warrant exposition, in view of 
the current results of mitral valve surgery. 


Mitral Regurgitation 


Operative Mortality 


It is generally agreed that no operation should be 
offered unless its benefits outweigh its risks. In the ar- 
ticle by Fowler and Van Der Bel-Kahn, the principal 
concerns about mitral valve replacement were the 
“high” operative mortality and morbidity in patients 
with mitral insufficiency, and the complications related 
to prosthetic valves. 

Reported experience: In support of their concern 
about operative mortality, the authors cited reports 
published in 1973 in which the operative mortality rates 
in patients with mitral insufficiency were 19 and 20 
percent, respectively.?^ They then suggested that “more 
recent reports" indicate a mortality rate of 7 percent, 
and cited a report that, although published in 1976, also 
discussed patients operated on in 1972 and 1973. 
However, even in that report despite a total early mor- 
tality rate of 7 percent, patients in New York Heart 
Association functional class III preoperatively had a 1.3 
percent operative mortality rate for open mitral valve 
surgery; all but two operative deaths were in patients 
in functional class IV before operation. 

Even so, none of those studies reflects the current 
state of the art for mitral valve replacement. Reports 
from major cardiac centers of high operative mortality 
From the Department of Cardiothoracic Surgery, The Medical College 
of Wisconsin, Milwaukee, Wisconsin. Manuscript received December 
28, 1979, accepted March 12, 1980. 

Address for reprints: Lawrence |. Bonchek, MD, Department of 


Cardiothoracic Surgery, The Medical College of Wisconsin, 8700 West 
Wisconsin Avenue, Milwaukee, Wisconsin 53226. 


rates for mitral valve replacement are usually attrib- 
utable to the inclusion of patients undergoing emer- 
gency valve replacement for cardiogenic shock due to 
myocardial infarction with rupture of a papillary mus- 
cle, or of patients with chronic ventricular dysfunction 
due to ischemic heart disease who undergo concomitant 
coronary bypass surgery.9? Published reports must be 
scrutinized for potentially confusing inclusion of het- 
erogeneous subsets of patients. Results in patients with 
cardiogenic shock, in neglected patients in functional 
class IV or in those who require concomitant procedures 
are simply not relevant to the decision to carry out 
elective isolated mitral valve replacement in patients 
in functional class III with chronic mitral valve disease. 
Such patients can be operated on in large centers with 
an operative mortality rate of 1 to 3 percent.559 Tech- 
nical misadventures such as intraoperative atrioven- 
tricular disruption that causes uncontrollable hemor- 
rhage are now rare causes of operative death. (This 
writer has not experienced such a complication.) Most 
operative deaths (70 to 90 percent) are now caused by 
left ventricular failure, arrhythmias or infarction, which 
occur predominantly in neglected patients with end- 
stage ventricular dysfunction or corónary artery disease, 
or both.? As will be discussed further, the sudden in- 
crease in left ventricular afterload that accompanies 
restoration of mitral valve competence can acutely de- 
press left ventricular ejection in some patients, thus 
unveiling more advanced ventricular dysfunction than 
had been appreciated preoperatively.!? 

Personal experience: Our own experience confirms 
the low mortality of mitral valve replacement. We? re- 
ported a series of 150 consecutive mitral replacements 
that concluded in 1974 with an operative mortality rate 
of 2 percent. Although Fowler suggests that low opera- 
tive mortality rates must be due to inclusion of large 
numbers of patients with early disease, few symptoms 
and good ventricular function, or that the definition of 
hospital mortality in such a report may not have been 
liberal enough, our publication clearly indicated that 
only 17 patients were in functional class II, whereas 112 
were in class III and 21 in class IV. (Many of the patients 
in class II had predominant mitral stenosis, and the 
primary indication for operation was preoperative 
emboli.) There were two operative deaths (1.8 percent) 
in the 112 patients in class III, and one death (4.8 per- 
cent) in the 21 patients in class IV. All hospital deaths, 
and all those occurring within 30 days, were included; 
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each was described in detail. The New York Heart As- 
sociation classifications were assigned in conjunction 
with the cardiologists at the University of Oregon, whose 
views on valve disease are well known.!.!? 

Current results of mitral valve replacement at the 
Milwaukee Regional Medical Center of the Medical 
College of Wisconsin are consistent with those reported 
earlier from the University of Oregon. If one excludes 
patients with preoperative cardiogenic shock due to 
acute myocardial infarction, there was one operative 
death (2 percent) in the last 50 consecutive mitral valve 
replacements performed. The death occurred in a mo- 
ribund patient in functional class IV with cardiac cir- 
rhosis, hypersplenism, cachexia and left main coronary 
stenosis that was unrecognized because the patient's 
preoperative renal failure and ventricular irritability 
(including ventricular tachycardia during catheteriza- 
tion) precluded complete coronary angiography. 

As noted earlier, such results are not unique.59? The 
recent introduction of hypothermic cardioplegic arrest 
has been a major advance in intraoperative manage- 
ment. Fowler and Van Der Bel-Kahn suggest that aortic 
valve replacement has “a lower average surgical mor- 
tality rate" than mitral valve replacement. In my per- 
sonal experience,!? isolated mitral valve replacement 
has always had an operative mortality rate as low as or 
lower than that of aortic valve replacement. 


Late Prosthesis-Related Complications 


In the 1960's the long-term results of mitral valve 
replacement were influenced significantly by valve- 
related complications. Now that cardiac surgical tech- 
niques and prosthetic devices have improved consid- 
erably, the postoperative prognosis is no longer in- 
fluenced as significantly by valve-related complica- 
tions.!? In the report cited earlier? of experience with 
the cloth-covered Starr-Edwards prosthesis, there were 
15 late deaths (10 percent) from 1 to 35 months post- 
operatively. Actuarially projected survival at 5 years was 
85 percent. Most important, only 3 of the 15 late deaths 
were related to the prosthesis,’; others were of cardiac 
origin (myocardial failure, for example), and 6 were of 
noncardiac origin. Overall, in survivors and nonsurvi- 
vors, there were two instances of perivalvular leak (1 
percent per patient year), three of prosthetic endocar- 
ditis (1 percent per patient year) and nine of systemic 
embolism (3 percent per patient year). 

The Bjork-Shiley prosthesis has had a similarly low 
incidence rate of late complications. In the experience 
of Bjork and Henze!^ with 195 patients who had mitral 
valve replacement, the incidence rate of late complica- 
tions related to the prosthesis was 1.2 percent per pa- 
tient year for perivalvular leak or prosthetic thrombosis 
requiring reoperation and 0.4 percent per patient year 
for prosthetic endocarditis. Systemic embolism occurred 
at a rate of 6 percent per patient year. 

With tissue valves such as the Hancock porcine 
bioprosthesis, the incidence rate of thromboembolic 
complications is lower (3 to 5 percent per patient year), 
even though most patients do not receive long-term 
anticoagulant therapy unless they have chronic atrial 
fibrillation.7.15 
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Hemorrhagic complications of anticoagulant ther- 
apy occurred in six patients in our series (2 percent per 
patient year), but most of these were trivial (hematuria, 
leg hematoma, for example). One complication was se- 
rious (subarachnoid hemorrhage), but none was fatal. 
In the series of Bjork and Henze, the incidence rate of 
serious hemorrhagic complications was 0.4 percent per 
patient year. It must be emphasized that patients with 
mitral valve disease who are not treated surgically are 
at risk of thromboembolic episodes, and often receive 
anticoagulant therapy. In our series,? 13 patients (9 
percent) had preoperative emboli. Although the total 
preoperative period at risk for all patients was not 
comparable with the postoperative period of follow-up, 
the overall incidence of embolism was higher before 
than after valve replacement. 

Finally, it is apparent that bacterial endocarditis 
can also develop in patients who are not operated on, 
and this, too, can be fatal.!® It is not statistically 
meaningful to cite cases of prosthetic endocarditis ob- 
served in a particular medical center within a particular 
time span without knowing the total number of patients 
with prosthetic heart valves at risk in that population, 
as well as the number of patients at risk with valvular 
heart disease who were not operated on in whom en- 
docarditis developed. Such comparative data have not 
been reported. 


Functional Results of Mitral Valve Replacement 


Current survival statistics after mitral valve re- 
placement are based on data from patients who had, in 
most cases, advanced disease before operation. Late 
survival in patients who undergo operation earlier would 
undoubtedly be better, because late myocardial fail- 
ure—the most frequent cause of late death— would be 
uncommon. Moreover, survival after valve replacement 
must be compared with natural history studies that 
begin with the development of symptoms, not with di- 
agnosis, lest an inappropriately long and benign course 
with medical treatment be inferred. Mortality in med- 
ically treated valve disease varies widely (from 25 to 75 
percent at 5 years) depending on the nature and site of 
the valve lesion and the cireumstances under which the 
patient entered the study.!? 

Left ventricular function: The left ventricle in 
mitral regurgitation has a chronic volume overload that 
is ejected partially through a low impedance path into | 
the left atrium. As a result, patients with mitral regur- 
gitation may have severe hemodynamic abnormalities 
without striking clinical disability. The left ventricle 
eventually suffers irreversible damage, and may beccme 
so dependent on afterload reduction that mitral valve 
replacement, which increases afterload, causes further 
depression of certain variables of left ventricular per- 
formance. Schuler and co-workers!? at the University 
of California, San Diego recently demonstrated that in 
patients with marked left ventricular enlargement and 
hypertrophy (defined by quantitative criteria), and 
ejection fraction at the lower end of the normal range 
mitral valve replacement was followed (1) by severe 
impairment of the ejection fraction that continued to 
worsen 1 year after operation, (2) persistent left ven- 


tricular dilatation and hypertrophy, and (3) increased 
end-systolic dimensions. In contrast, valve replacement 
in patients with mild to moderate ventricular dilatation 
and hypertrophy was followed by reduction in left 
ventricular size and hypertrophy and no deterioration 
of left ventricular performance. 

Optimal timing of valve replacement: We? as- 
sessed this problem in a different manner in 1974, and 
found no correlation between postoperative functional 
class and 19 preoperative clinical and hemodynamic 
variables including age, functional class, rhythm, left 
atrial pressure, left ventricular end-diastolic pressure, 
cardiac index or pulmonary vascular resistance. (The 
patients studied had been evaluated before calculation 
of cardiac dimensions and ejection fraction became 
routine.) However, a prognostic classification derived 
from the duration of symptoms and the response to 
medical management was highly discriminatory. Pa- 
tients with clinical symptoms for more than 3 years who 
did not show improvement by at least one functional 
class on intensified medical therapy had only a 25 per- 
cent chance of achieving New York Heart Association 
functional class I status postoperatively, whereas those 
with symptoms for less than 3 years had a 77 percent 
chance of doing so. 

We are therefore concerned about delaying opera- 
tion until symptoms are totally refractory to medical 
management. It can be argued that these problems in 
analysis and comparison of results can be resolved only 
by a randomized prospective clinical trial of earlier valve 
replacement. I have discussed elsewhere!?.2? the prob- 
lems that arise in randomized trials of operations or 
prosthetic devices that are substantially altered during 
the course of the trials as a result of continuing technical 
and engineering advances. At the conclusion of such 
trials, the original prosthetic device or the operation 
being assessed no longer exists, and the trial becomes 
irrelevant to current clinical practice. Regardless of 
one's feelings about the merits of such trials, they have 
not yet been carried out, and practical decisions about 
patients with chronic mitral regurgitation must be made 
on the basis of available data. On this basis, we currently 
follow the plan for management described in the next 
section. 


Plan for Management of Patients With 
Mitral Regurgitation 


Patients with chronic mitral regurgitation (pure or 
predominant) and symptoms that are provoked by less 
than normal daily activities (light housework, sedentary 
office work) are in New York Heart Association func- 
tional class III and should be offered operation for relief 
of symptoms alone. Patients who require a more active 
life-style may find less extreme symptoms intolerable, 
and are also undeniable candidates for operation to 
relieve symptoms. 

Patients with symptoms provoked only by extraor- 
dinary activity (functional class II), who are content 
with their exercise tolerance, are followed up closely (at 
6 month intervals) by a cardiologist with chest X-ray 
films to assess cardiac size. Increasing heart size is a 
qualitative but useful and specific indicator of cardiac 
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decompensation, and heart size correlates closely with 
survival in patients with heart disease.?! Any significant 
change in heart size provokes frequent examinations (as 
often as every 3 months). The patient is clearly told that 
an operation will inevitably become necessary, but the 
timing is indefinite. Noninvasive assessment of cardiac 
performance may be carried out at this point, but pro- 
gressive cardiac enlargement on two successive exami- 
nations, even without a change in symptoms, inevitably 
provokes more sophisticated noninvasive examination 
(echocardiography, nuclear imaging) and, if depressed 
left ventricular function is found (as is usually the case), 
cardiac catheterization is performed. If substantial 
hemodynamic abnormalities are found, such as signif- 
icant elevation of pulmonary arterial or left ventricular 
end-diastolic pressure or depression of left ventricular 
ejection fraction, an operation is recommended if the 
patient is a good operative candidate otherwise. 

The decision for surgery in such patients is simplified 
if progressive cardiomegaly and atrial fibrillation (with 
its attendant risk of systemic emboli) have developed 
only recently and if the patients otherwise have an ac- 
tive life-style and reasonable expectation of longevity. 
In such patients the operative risk is approximately 1 
percent, and there is a 70 to 90 percent chance of re- 
storing them to an asymptomatic state.? 

We find that these considerations are readily un- 
derstood by the patient of average intelligence. The 
patient has a right to know that it is possible to carry out 
an operation at low risk with a good functional result if 
it is performed before their symptoms are totally re- 
fractory, that procrastination can result in irretrievable 
damage to the myocardium, but that the prosthetic 
device has hazards as well. Some patients prefer relief 
from symptoms and drugs and readily accept the risk 
of a prosthetic device; some do not, and are followed up 
with medical therapy until symptoms are incapaci- 
tating. 

We select tissue valves for patients over the age of 60 
years, those with limited life expectancy for other rea- 
sons (for example, end-stage ventricular dysfunction), 
those with contraindications (including hazardous oc- 
cupations or avocations) to anticoagulant therapy, and 
young women who wish to bear children. The latter are 
advised to have all their children within the ensuing 10 
years, because the tissue valve will probably require 
replacement eventually, after which they will receive 
a mechanical prosthesis and anticoagulant therapy. 
(Reoperation is tedious, but can be carried out with 
mortality no greater than that of the first operation by 
experienced surgeons.) All other patients receive a 
mechanical prosthesis because the long-term durability 
of tissue valves is unknown. 


Mitral Stenosis 


In patients with mitral stenosis, unsuspected dete- 
rioration of ventricular function is unlikely, but insid- 
ious loss of exercise capacity and the high risk of major 
systemic emboli are good enough reasons to be aggres- 
sive in offering open mitral commissurotomy. (The 
prolonged technical debate about open versus closed 
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commissurotomy will soon end, because closed com- 
missurotomy is rarely taught now. For the next gener- 
ation of surgeons in this country, closed commissur- 
otomy will be a rare skill.) 

Our recommendations about mitral commissur- 
otomy are based on several factors: (1) The mortality 
rate of open commissurotomy alone in experienced 
hands is 1 percent or less. In a report by Montoya et 
al.,22 one of two deaths in 105 patients was due to 
myocardial infarction in a patient who had coronary 
bypass grafting with commissurotomy; in our report 
from Oregon,?? the only death in 100 consecutive pa- 
tients was from fulminant hemorrhagic pancreatitis. (2) 
Nonsurgical therapy imposes substantial risks of em- 
bolism (18 percent in the series of Montoya et al. and 13 
percent in our report). (3) The occurrence of emboli or 
the finding of left atrial thrombus at operation had no 
correlation with the cardiac rhythm in either report, 
making it difficult to decide which patients should re- 
ceive anticoagulant therapy preoperatively. (4) Long- 
term preoperative anticoagulant therapy poses notable 
risks, with a 5 year mortality that exceeds the combined 
surgical and late mortality for commissurotomy. 

Indications for mitral commissurotomy: Because 
systemic embolism is quite uncommon after operation, 
avoidance of all the risks cited and restoration of func- 
tional capacity seem well worth the minimal surgical 
risk to most patients. It is therefore my belief that open 
mitral commissurotomy can now be reasonably offered 


to patients with the catheterization findings of pure 
mitral stenosis who are unable to function in New York 
Heart Association class I and who wish to do so.?* This 
means that operation should be offered when cardiac 
symptoms cause curtailment of normal daily activities 
and should not be withheld until the patient is inca- 
pacitated. In addition, a patient who sustains a major 
systemic embolus should have cardiac catheterization. 
If hemodynamically significant mitral stenosis is found, 
an operation should be offered, because the risk of op- 
eration is much less than the risk of another major em- 
bolus, and—as noted earlier— postoperative emboli are 
distinctly uncommon. 

Indications for valve replacement: If, in a partic- 
ular patient, there is uncertainty that the valve will be 
suitable for commissurotomy, the indications for valve 
replacement discussed should be applied, because the 
latter are less liberal. If more liberal indications are to 
be adopted for commissurotomy than for valve re- 
placement, it will once again become essential to as- 
certain the exact nature of the patient's valve disease 
preoperatively, just as it was in the 1950's before valve 
replacement was available. Now, with sophisticated 
hemodynamic, angiographic, and echocardiographic 
studies, it is possible to predict the likelihood of suc- 
cessful commissurotomy with reasonable precision. 
Obviously, the cardiac surgeon responsible for such 
patients must be experienced in reconstructive mitral 
surgery, not just in valve replacement. 
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Weighing the Issues 
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In this sequel to our paper on indications for surgical 
replacement of the mitral valve,! we will begin by indi- 
cating where we agree with Bonchek? and where we 
differ. We have no quarrel in general with his recom- 
mendations for patients with severe mitral incompe- 
tence who are in New York Heart Association functional 
class III. To wit, mitral valve replacement is to be rec- 
ommended for such patients when there is increasing 
disability and progressive left ventricular enlargement, 
and when there is evidence of progressive left ventric- 
ular dysfunction. Thus, patients with chronic, severe 
mitral regurgitation should be offered elective valve 
replacement before there are irreversible left ventricular 
hypertrophy and dilation.» However, there are three 


major issues on which we disagree. First, we do not ac- 


cept his interpretation of the current mortality risks of 
mitral valve replacement. Second, we do not share his 
optimistic view of the future of the patient who has had 
successful mitral valve replacement. Third, we are un- 
able to agree with his philosophy concerning open mitral 
commissurotomy for patients with mitral stenosis who 
have minimal symptoms. 


Mortality and Risks of Mitral Valve Replacement 


Bonchek? states that elective mitral valve replace- 
ment can be carried out in patients in functional class 
III with a 30 day in-hospital mortality rate of 1 to 3 
percent, and cites three publications to prove his point. 
He then goes on to say that the latest mortality rate for 
mitral valve replacement cited in our article,! that is, 
7 percent, does not represent the current state of the art. 
He concludes that the difference in mortality rate be- 
tween the 7 percent given in our article and the 1 to 3 
percent rate that he cites is due to improvements in 
operative and supportive techniques and in valve 
prostheses with the passage of time. 
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In defense of the “antiquated” figures of 7 percent 
mortality rate cited for mitral valve replacement in our 
article,! we refer now to several more recent reports. A 
review‘ of valve replacement operations published in 
October 1979 gave a mortality rate of 4 to 8 percent for 
mitral valve replacement. In 1975, Barnhorst et al.,® 
reporting the Mayo Clinic experiences of 1966 to 1972, 
gave the 30 day postoperative mortality rate of 10 per- 
cent for mitral valve replacement. The recently pub- 
lished paper of Cohn et al. gives a 6 percent operative 
mortality rate for mitral valve replacement for the pe- 
riod 1972 to 1977 at the Peter Bent Brigham Hospital. 
The group at Emory University reported an in-hospital 
mortality rate of 7.5 percent for mitral valve replace- 
ment in the years between 1975 and 1977. Further, in 
contrast to Bonchek's experience,? they reported an 
in-hospital mortality rate of only 3.5 percent for aortic 
valve replacement. 

Thus, four currently reported series from major 
medical centers indicate mortality rates of 6, 4 to 8, 7.5 
and 10 percent respectively, for mitral valve replace- 
ment. Clearly, recent improvements in operative tech- 
nique do not explain the differences reported in death 
rates for mitral valve replacement in these major med- 
ical centers and the 1 to 3 percent experience reported 
by Bonchek. Other explanations that must be consid- 
ered include differences in attribution and reporting of 
deaths, in surgical skills and in patient selection. 
Without knowing all the details, it is difficult to know 
how to compare mortality rates in various surgical se- 
ries. Some writers may count only immediate operative 
mortality; some may count in-hospital mortality; some 
may count 30 day postoperative mortality. Too, surgical 
series often include only the most recent group, ignoring 
the earlier, less favorable operative experiences. 

We are very much persuaded that Bonchek's group 
do indeed perform mitral valve replacement with the 
very low in-hospital death rate that they have reported. 
It is difficult to believe that surgical skills are so dif- 
ferent in major centers as to account for the reported 
differences in death rates for mitral valve replacement. 
Thus, the only logical explanation of their low operative 


July 1980 The American Journal of CARDIOLOGY Volume 46 159 


MITRAL VALVE SURGERY—FOWLER AND VAN DER BEL-KAHN 


mortality rate must lie in patient selection. We surmise 
that they are operating on younger, healthier patients 
with less cardiac enlargement and less advanced valve 
disease than is the case in other current series with a 
significantly higher mortality rate. Referral patterns 
differ in different hospital groups. When there is a new 
operation or a new surgical team, often internists and 
cardiologists tend at first to refer older and more dis- 
abled patients for cardiac surgery. When surgeons 
demonstrate that they can operate on such patients with 
a reasonable death rate, then younger and less disabled 
patients are referred. As the referred patients tend to 
be progressively younger and healthier, the operative 
mortality rate shows a progressive decline. This change 
in patient referral pattern may occur subtly without the 
surgeon's being aware of it. Thus, we suggest that the 
real difference between the operative mortality cited by 
Bonchek and that cited in our article is due not to a 
major improvement in technique within the last few 
years but to a difference in patient selection and in re- 
porting of operative results. Conley et al.9 reached a 
similar conclusion concerning coronary arterial surgery. 
It is because such differences in patient selection make 
comparisons between the results of different surgical 
groups so difficult that we badly need a controlled 
clinical trial of early cardiac valve replacement. Such 
a trial ideally should be carried out in one or more large 
institutions. 

The degree to which rheumatic myocardial damage 
or other disease has caused irreversible change, or the 
degree to which this is caused by persistent mitral in- 
competence is unknown in most patients. Bonchek's 
assumption that early operation prevents left ventric- 
ular damage is plausible, but unproved. The Emory 
University group,’ in fact, found that mitral valve re- 
placement by a prosthetic valve might lead to severe and 
progressive left ventricular failure owing to transverse 
mid ventricular disruption. 'This was the major cause 
of death in their series of 294 patients who underwent 
mitral valve replacement between 1975 and 1977. 

In discussing the negative features of cardiac valve 
surgery, we cannot ignore the questions of financial cost 
and the risk of hepatitis, pain, loss of work, intraoper- 
ative infarction, progression of disease in other valves, 
postcardiotomy syndromes and the like. Postoperative 
constrictive pericarditis, although rare, is now being 
reported.?:!° Most importantly there is yet the problem 
of the prosthetic valve to deal with. 


Future of the Patient After Mitral 
Valve Replacement 


In addition to our concerns regarding immediate 
mortality rates for mitral valve replacement, we fail to 
share Bonchek's rosy view of the future of the patient 
with a prosthetic valve who survives the operation. 
Bonchek states that there is little problem here, now 
that prosthetic valves are so much improved. New 
valves, like new drugs, always look better in prospect 
than they do after several years of experience. One 
should wait at least 5 to 10 years before forming an 
opinion about a new prosthetic cardiac valve. Beginning 
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in 1976, Braunwald-Cutter aortic valves were being 
removed electively because of an alarming incidence of 
late poppet deterioration.!!:!2 In our medical center, we 
have seen postoperative infective endocarditis in four 
patients with prosthetic valves during the last 24 
months, and another death from “stenosis” of a mitral 
valve prosthesis. Copans et al.!? reported on 12 patients 
who had a thrombosed Bjork-Shiley mitral valve pros- 
thesis during a 40 month period. In a series of 182 cases 
of infective endocarditis from the University of Ala- 
bama!^ between 1967 and 1977, prosthetic valve endo- 
carditis occurred in 47 cases. Prosthetic valve endo- 
carditis is more likely to be associated with valve ring 
abscess and, thus, a poorer prognosis.!? 

Patients with a prosthetic mitral valve often continue 
to have emboli, especially when there is chronic atrial 
fibrillation$; chronic anticoagulant therapy itself may 
have a mortality risk of 1 to 2 percent. With tissue 
valves, emboli are less common, but may occur. The late 
deterioration and replacement rate of these valves is 
unknown. Rahimtoola!® found that only 50 percent of 
patients with ball and cage valves or homograft valves 
might be expected to be free of complications after ap- 
proximately 5 years. 


Open Commissurotomy for Mitral Stenosis 


Let us now turn to the question of operation on the 
patient with mitral stenosis and minimal symptoms. 
Because mitral stenosis does not cause progressive left 
ventricular dysfunction, there is no reason to recom- 
mend operation until the patient is progressively lim- 
ited. Bonchek argues for early operation because of the 
low risk of elective open commissurotomy. His figure 
of 0.1 percent mortality rate for open mitral commis- 
surotomy is truly exceptional. Spencer,!’ also an ad- 
vocate of early mitral commissurotomy, in citing his own 
results gave a mortality figure of 1 to 3 percent. Munoz 
et al.,!8 writing in 1975, reported a 5 percent 30 day 
mortality rate for open mitral valvotomy. 

One of us!? has written a letter elsewhere concerning 
the problem of early elective mitral commissurotomy. 
However, what is intended to be a commissurotomy may 
become a mitral valve replacement because the valve 
is immobile or the commissurotomy has produced mi- 
tral incompetence. It is worth keeping in mind that 
closed commissurotomy is still an excellent operation 
in carefully chosen patients. Glenn, who originally re- 
ported only a 3.8 percent death rate?? from this proce- 
dure, now has had no fatalities from this operation in 
the last 20 years (personal communication, 1980). In 
addition to these considerations, the reader cannot as- 
sume that the cardiac surgical team in his own com- 
munity will be able to achieve the excellent mortality 
figures for mitral valve operations reported by the 
highly skilled Milwaukee group. Then, too, if one op- 
erates early, one cannot be certain that the progression 
of mitral restenosis may not be as rapid or more rapid 
than that expected in the patient's virgin disease. In 
Bonchek's own series, 16 of 98 patients required reop- 
eration because of restenosis after open mitral com- 
missurotomy.?? 


Decision Making for Mitral Valve Surgery 


Today's physician must make a decision concerning 
the advisability of early mitral valve replacement or 
open commissurotomy without a randomized clinical 
trial to evaluate the safety and effectiveness of either 
operation. If his patient is minimally symptomatic, he 
must review the assumptions that are made when an 
operation is advised. These assumptions are: (1) The 
valve disease, or the cardiac response to it, will be pro- 
gressive and that such progression will be rapid enough 
that operation will eventually be required before the 
patient dies for some other reason. (2) Left ventricular 
dysfunction is in fact due to progressive mitral incom- 
petence and not to coronary artery disease, cardiomy- 
opathy or other causes and thus can be arrested, pre- 
vented or reversed by mitral valve replacement. (3) Such 
dysfunction is likely to be irreversible when operation 
is delayed until there are progressive symptoms or 
progressive cardiac enlargement. (4) The in-hospital 
mortality rate with early operation will be lower than 
that with a later operation and the mortality figures 
presented by the leading surgical groups can be equaled 
by those surgeons in the physician's own community. 
(5) The current lower figures for in-hospital mortality 
are due to improvements in artificial valves and tech- 
‘niques, and not to operating on patients whose disease 
is less severe than that of the patients operated on 10 to 
15 years ago. (6) The expense and morbidity and early 
and late postoperative complications are of no conse- 
quence or of too little consequence to influence the de- 
cision for early operation. (7) The early and late com- 
plications of prosthetic and tissue valves—embolism, 
dehiscence, infective endocarditis, valve deterioration 
and effects of anticoagulant therapy—are uncommon 
or are of little permanent consequence. (8) A controlled 
clinical trial of early valve replacement is out of the 
question now and for the foreseeable future. 

In summary, then, it is very difficult to answer 
Bonchek’s arguments with direct evidence because 
mitral valve operations, like most major surgical pro- 


MITRAL VALVE SURGERY—FOWLER AND VAN DER BEL-KAHN 


cedures, have never been evaluated by a randomized 
controlled clinical trial. Hence, one must do one’s best 
by attempting a retrospective comparison of the natural 
history of a disease treated medically with the unnatural 
history of the same disease treated surgically. However, 
with no randomized trial, one cannot be certain that the 
disease really is the same in the medical and surgical 
groups that one wishes to compare. Rahimtoola!® and 
Spodick?? have commented on the need for a random- 
ized controlled study of early valve replacement. 


Implications 


We have, thus, a very old problem in different 
clothing: Many surgeons prefer to operate early on pa- 
tients with heart disease when the operative mortality 
is low and the operation is easier. The trouble is that we 
do not know, nor do they, whether the patient really 
needs the operation or might be minimally symptomatic 
for another 10 to 20 years, or indefinitely. When patients 
are progressively disabled and it is certain that the pa- 
tient really needs the operation, then the mortality rate 
is higher. 

We believe that operation should be recommended 
only for patients with mitral incompetence whose need 
is made clear by progressive limitation or progressive 
deterioration of left ventricular function. A low opera- 
tive risk is not in itself an adequate argument for cardiac 
valve operation on patients with minimal symptoms. 
We agree with Rahimtoola!$ that early valve replace- 
ment for preservation of myocardial function is not in- 
dicated at present. Yet we need better ways of patient 
selection for valve replacement. We would welcome a 
randomized controlled clinical trial of early heart valve 
surgery. 

In the past Bonchek?? has spoken against controlled 
clinical trials of cardiac valve replacement, arguing that 
constant improvements in prosthetic valves make a 
long-term study not feasible. Because he now states that 
valves in current use have only negligible complications, 
perhaps he would reconsider this question. 
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The Bayer Company 
proudly announces 


A major 
breakthrough 
in the 
prevention 
of stroke 




















Bayer Aspirin 


For reducing the risk of transient ischemic 
attacks or stroke in men who have had 
transient ischemia of the brain due to fibrin 


platelet emboli” 


Just the beginning... 


The Bayer Company is pleased to announce that after 
intensive study of long-term clinical trials, an official 
government bulletin has indicated that professional 
guideline labeling will be published stating that there 
Is evidence that aspirin is safe and effective for re- 
ducing the risk of recurrent transient ischemic attacks 
or stroke in men who have had transient ischemia 
of the brain due to fibrin platelet emboli* 


Not only does this new use for aspirin provide 


demonstrated protection for a significant number 
of potential stroke victims, but it opens new vistas for 
investigation of aspirin s possible role in the prophy- 
laxis of many other disorders with vascular involve- 
ment. 


In the following text, we have attempted to antici- 
pate some of the questions you may have about the 
use of Bayer Aspirin in recurrent TIA and stroke 
prevention ...and to provide some answers. 





Who are the candidates? 

At present, aspirin is indicated for reducing the risk of 
recurrent TIAS or stroke in males who have experienced 
one or more incidents of transient ischemia of the brain 
due to fibrin platelet emboli. 


It is estimated that about one-third of all patients 
who experience a TIA will suffer a stroke within five 
years of the first attack! Twenty percent of these indi- 
viduals will experience a stroke within one month of the 
initial TLA, 50% within one year. After the first six months 
following a TIA, the incidence of stroke is about 5% per 
year— about five times the expected rate for a normal 
population of similar ages! 


How does aspirin help? 

Prevailing theory holds that most transient ischemic 
attacks are caused by thromboemboli, which, for the 
most part, are fibrin-platelet aggregates? The formation 
of these clots is believed to be predisposed by cerebral 
atherosclerosis? — with ulcerated or stenotic athero- 
matous lesions providing the sites from which emboli- 


zation into the distal intracranial branches of the cerebral 
arteries takes place? 


Clot formation begins when circulating platelets 
encounter the vascular erosion with exposed subendo- 
thelial connective tissue and collagen. Through a com- 
plex series of prostaglandin interactions, a platelet- 
collagen reaction takes place—first provoking platelet 
adhesion, then stimulating a self-perpetuating process 
of secretion, and ‘finally, aggregation. 


By inhibiting platelet cyclo-oxygenase, an enzyme 
that mediates prostaglandin formation, aspirin pre- 
vents adhesion and embolus formation and precludes 
thrombus dislodament and subsequent TIA or stroke. 


What have been the results of 


clinical trials? 

In major. multicenter studies conducted both in the 
United States* and Canada® pure aspirin has been 
shown to significantly reduce recurrent TIAS or stroke 
in men who have nac prior cerebral ischemia...while 
causing remarkably few side effects. 


In the United States’ trials, 88% of patients who re- 
ceived Bayer aspirin, 650 mg, bid, either had no 
additional TIAs curing a three-year test period or 
experienced a significantly reduced number. Only 55% 
of patients who received placebo had similar improve- 
ments® According to Fields?: "This study demonstrated 
without question, a marked reduction in transient 
events, particularly in individuals who had had multiple 
attacks before entering the trial, and even more striking 
changes (P<0.05 in favor of aspirin) in those who had 
arteriographically demonstrated lesions in the cervical 
portion of the carotid artery on the side appropriate to 
their presented clinical symptoms: 


In the Canadian Cooperative Study Group? aspirin, 
325 mg, g./.d. "...recuced the risk of continuing 
ischemic attacks, stroke or death by 19% (P<0.05) and 
also reduced the risk for the harder, more important 
events of stroke or death by 31% (P<0.05), but this 
effect was sex dependent. among men, the risk reduc- 
tion for stroke or death was 48% (P<0.005), whereas 
no significant trend was observed among women: 


2 tablets bid. or | tablet quia 


How much aspirin should be given? 


How frequently? 

The recommended dosage of aspirin for reducing the 
risk of recurrent transient ischemic attacks or stroke in 
men who have had transient ischemia of the brain due 
to fibrin platelet emboli is 1,300 mg/day (650 mg twice 
a day or 325 mg four times a day). 





What aspirin should be used? 

In the major American stroke prevention study, Bayer” 
Aspirin, in blinded form, was the sole aspirin used. In 
both the American and Canadian studies, neither buf- 
ferings, nor caffeine, nor any other active ingredients 
were added to aspirin. 


Over the years, the name Bayer has become synon- 
ymous with aspirin purity, quality and stability. A special 
synthesizing process and 115 quality-control tests and 
inspections help assure that the therapeutic dose you 
prescribe for your patients is the therapeutic dose they 
receive. In fact, Bayer Company standards actually 
exceed U.S.P. requirements in critical areas such as 
aspirin content per tablet, disintegration time and free 
salicylic acid content. Yet, Bayer Aspirin costs patients 
only a fraction of a cent more per dose than "super- 
market" aspirin. 


Where can more information 

on prophylactic use of aspirin 

be obtained? 

As the leader in aspirin therapy for more than 50 years, 
Sterling Drug Inc., through its Bayer Company Divi- 
sion, has established a network of services and mate- 
rials designed to provide physicians with the latest 
information on this exciting new indication for aspirin. 


A comprehensive monograph on aspirin usage for 
reducing the risk of stroke in men who have had TIA's 
due to platelet fibrin emboli, has been prepared. A 
booklet for distribution to your patients is also avail- 
able. It is designed to save you explanation time, en- 
courage compliance and allay patient anxiety. 


Reprints of important new papers will be mailed to 
you periodically. And a series of seminars on aspirin 
prophylaxis is being planned. Announcements will be 
made in medical journals and through your local med- 
ical society. 


*Please see following page for additional professional . 
usage guidelines to be published for this indication. 
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An important drug for an important indication 


.* 10076 pure aspirin —with no added ingredients 


* The aspirin used in the major American study 
on stroke prophylaxis 


e Manufactured with a special synthesizing 
process to assure extended stability, rapid ab- 
sorption, minimal free salicylic acid 


e Every batch undergoes 115 chemical inspec- 
tions and quality tests 


* Used as an analgesic, antipyretic and anti- 
inflammatory agent by millions of patients for 
over 50 years— with a remarkably low incidence 
: of adverse effects. 


-*Professional guidelines will be published for 
use of aspirin in this indication. The guideline 
labeling will recommend the following wording: 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 


ischemic attacks or stroke in men who have 
had transient ischemia of the brain due to fibrin 
platelet emboli. 
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There is no evidence that aspirin is effective 
in reducing TIA's in women, or is of benefit in 
the treatment of completed strokes in men or 
women. 


Patients presenting with signs and symptoms 
of TIAs should have a complete medical and 
neurologic evaluation. 


Consideration should be given to other dis- 
orders which resemble TIAs. 


It is important to evaluate and treat, if ap- 
propriate, other diseases associated with TIAS 
and stroke such as hypertension and diabetes. 


The recommended dosage for this new in- 
dication is 1,300 mg/day (650 mg twice/day or 
325 mg four times a day). 





References: 1. Sandok. E. et al: Mayo Clinic Proc. 53:665-674 
(October) 1978. 2. Fields, W.S.: Drugs 78:150. 1979. 3. Heyman. A.: 
Drug Therapy 9:69 (July) 1979. 4. Fields, WS. et al.: Stroke 8:301 
(May/June) 1977. 5. The Canadian Cooperative Study Group: N. 
Engl. J. Med. 229:54 (July 13) 1978. 6. Medical Tribune 19:6 (April 
19) 1978 
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Large Digital Display 

Automatic Arrhythmia and Ectopic Beat Detection 
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reference? 
If it's not MODERN DRUG 
ENCYCLOPEDIA, you can't be sure. 


MODERN DRUG ENCYCLOPEDIA 

and Therapeutic index 15th Edition 
Arthur J. Lewis, MD, Executive Editor 

Gertrude Dittus Bonzales, R.Ph., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 

An independent team of pharmacists and physicians has research- 
ed and edited all the facts on 3,000 prescription drugs. They pass 
this research on to you in an easy to absorb style that's perfectly 
suited to the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don t edit. Only print material the manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

* limits entries to prescription drugs. 

* lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
alphabetic sequence. 

* arranges entries by generic name. All brand names in one place. 

* written in concise language for quick comprehension 

* designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 

Three a-z indexes provide instant access to all the material found 
in the main secton as follows: 

* GENERAL INDEX of all brand generic names in a-z sequence. 
* THERAPEUTIC INDEX of which drugs are prescribed for which 


purpose. Allows you a wide selectin of therapy based on vour pa- 

tient's special needs. 

* MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 

And, our Free Updating Service informs you of changes in 
specifications and introduces new drugs. You receive them free 
of charge until the publication of the next (16th) Edition. 

Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
ti oner's need for concise, easy to read information on prescription 
drugs 


YORKE MEDICAL GROUP, 666 Fifth Ave., N.Y., N.Y. 10103 
Please send me a copy of the all-new 15th Edition of MODERN 
DRUG ENCYCLOPEDIA and enter my two year free subscription 
to the Periodic Updating Service. If this new edition is the best 
drug information reference for practitioners available, | will 
remit $38.95, plus shipping. Otherwise, | will return it within 30 
days apd owe nothing. 

C] Check here if enclosing $38.95 now as full payment. 


Publisher pays shipping. Same return guarantee 
O Charge my credit card: O Master Charge UO Visa. 
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New York residents add applicable sales tax. (Outside Western 
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INTROPIN" (dopamine HCI) 


FOR IV INJECTION: 
5 ml AMPUL 
5 ml ADDITIVE SYRINGE (Rap-Add") 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HC!) is 3, 4-dihycroxyphenethylamine hydrochloride, a 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, odorless, 
crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, alkalis, 
iron salts and oxidizing agents. 5 m/ ampul and 5 ml additive syringe (Rap-Add ;; Each ml of 
sterile, non-pyrogenic INTROPIN contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg 
of dopamine base) in Water for Injection, USP containing 1% sodium bisulfite as a preservative. 


INDICATIONS: For the correction of hemodynamic imbalances present in the shcck syndrome 
due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal failure, 
and chronic cardiac decompensation as in congestive failure. 


Poor Perfusion of Vital Organs — Urine flow appears to 5e one of the better diagnostic signs 
by which adequacy of vital organ perfusion can be monitored. The physician should also 
observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor. 
increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage. Note that at doses above those optimal for the individual 
patient, urine flow may decrease, necessitating reduction of dosage. Concurrent administra- 
tion of INTROPIN and diuretic agents may produce a potentiating effect. 


Low Cardiac Output — Increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
associated with either static or Cecreased systemic vascular resistance (SVF) and appears 
to be related to a favorable prognosis. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR as may occur with isoproterenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate coses of INTROPIN, which have little effect on SVR. At high 
therapeutic doses. the drug's alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular ‘ibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase MAO) inhibitors prior to the administration of INTROPIN will require 
substantially reduced dosage (1/10 the usual starting dose). 


Usage in Pregnancy — INTROPIN may be used in pregnant patients when, in the judgment 
of the physician, the expected benefits outweigh the potential risk to the fetus. 

Usage in Children — The safety and efficacy of INTROPIN for pediatric use has not been 
established. 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should 
be fully corrected, if possible, with either whole blood or plasma as indicated 


Decreased Pulse Pressure — |f a disproportionate rise in the diastolic pressure (i.e. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN. the infusion rate 
should be decreased anc the patient observed carefully for further evidence of predominant 
vasoconstrictor activity unless such an effect is desired. 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue Large veins of the antecubital fossa are 
preferred to veins in the dorsum of the hand or ankle. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for 
example, atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic 
endarteritis, and Buergers disease) should be closely monitored for any changes in color 
or temperature of the skin in the extremities. 


IMPORTANT — Antidote for Peripheral Ischemia: To prevent sioughing and necrosis 
in ischemic areas. the area should be infiltrated as soon as possible with 10 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needle should be 


used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropame or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 


Careful Monitoring Required—As in the case of any adrenergic agent, infusion of 
INTROPIN should be accompanied by close monitoring of urine flow, cardiac output and 
blood pressure. 


ADVERSE REACTIONS: The most frequent include ectopic beats, nausea, vomiting, tachy- 
Cardia, anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction, bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


WARNING: This is a potent drug — must be diluted before administration to patient. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes Since the drug's duration of action is quite short, no additional remedial 
measures are usuelly necessary. If these measures fail to stabilize the patient's condition, 
use of the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 


CAUTION: Federal law prohibits dispensing without a prescription. Full directions for use 
should be read before administering or prescribing. January 1980 


$$.. American Critical Care 
¿2222:: (formerly Arnar-Stone Laboratories) 
:*. Division of 


American WC Supply Corporation 
McGew Park IL 6008 


In congestive failure 
associated with hypotension or shock 


INTROPIN 


(dopamine HCI) 


provides a third dimension of therapy 


For hospitalized patients 
refractory to digitalis and diureties 


Prompt use of INTROPIN"* (dopamine HCI) is 
a logical addition to standard regimens 


©1980 American Critical Care 


Works to decrease accumulated fluids by: 
e direct, indirect and “dopaminergic” effects on the 
kidney to decrease renal vascular resistance 
e positive inotropic effect to increase cardiac output 
e results in an inereased renal blood flow, 
urine output, and sodium excretion 
Enhances myocardial performance 
Provides specific clinical effects through precise 
dosage adjustments 
Please see adjacent page for prescribing information. 
For further information, please contact Medical Services 
Department of American Critical Care, a Division of 
American Hospital Supply Corporation, 1600 Waukegan 
Road, McGaw Park, Illinois 60085, Phone 312-473-3000. 


American Critical Care 
(formerly Arnar-Stone Laboratories) 
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ECG SERIAL COMPARISON SYSTEM 





Traces and comparison report speak for themselves 
A new report with each trace 





Trace A is the eighth trace for this patient which has 
continued to demonstrate Q-waves in II, Ill, avF with a 
stable ST/T abnormality. The infarct was judged "not 
recent’ 
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Trace B, recorded 2 days later, demonstrates acute 
changes leading to the conclusion of existing infarction 
with recent acute changes (see comparison report). 


The TELEMED Computer-Assisted ECG Program has been 
shown to have a higher Figure of Merit (sensitivity, 
specificity) when compared to other computer programs 
in identifying mivacardial infarction in a clinically 
evaluated patient population. In the same study, the 
Figure of Merit of cardiologists was significantly improved 
when their readings were complemented by a computer.? 


'Reiser SA: The Medical Influence of the Stethoscope. 

Scientific American 240 : 148-156, 1979. 

2Wolf HK, Harris LK, Kanon DJ, and Prineas RJ: Identification of 
Myocardial Infarction by ECG, Interpreted by Computer and 
Cardiologist. Unpublished data, Feb. 1980. 








TELEMED COMPUTER SERIAL COMPARISON (KO) 
PATIENT ID: 316170, DATE: 9-JAN-78 — 14:44:08 CENTRAL TIME 
CODE. — 740/55/3/1/2/2/0 
INTERVALS: PR-016 —  QRS(UMB)-0102  QT-037 
AXES: Pe — QS --à T= 
HISTORY: — MALE 55 YEARS—LRG. BLD — DX MI— DIG + ANTIHYP 
INTERPRETATION: | 
CURRENT ECG: DATE: 1-9-78 TIME: 14:44: 8 
PREVIOUS ECG: DATE: 1-7-78 TIME: 8:16:24 

RHYTHM 
SINUS RHYTHM CONTINUES — NOW SINUS TACHYCARDIA 
— RATE HAS INCREASED TO 113 

FINDINGS 


1) ABNORMAL Q— WAVES REMAIN IN THE INFERIOR LEADS, THERE ARE ST/T 


ABNORMALITIES (I1, IIl, exime: PREVIOUS TRACE ST-SEGMENTS 
HAVE BECOME ELEVATED 


AND T-WAVES HAVE BECOME LESS NEGATIVE IN THE 
INFERIOR LEADS. 
2) QRS CONTINUES TO BE PROLONGED AT 0.102 SEC AND AXIS IS —43 DEGREES. 


pA. THERE ARE ST-ABNORMALITIES IN THE PRECORDIAL/LATERAL LEADS AND 
THE PREVIOUS TRACE ST-SEGMENTS HAVE BECME DEPRESSED. 


CONCLUSIONS 
1) CONSISTENT WITH RECENT INFERIOR MI OR EXISTING MI WITH RECENT 
ACUTE CHANGES —WITH PROGRESSION OF THE INJURY PATTERN. 


2) THERE IS PERSISTING NONSPECIFIC QRS PROLONGATION. DEVELOPMENT 
OF LEFT AXIS DEVIATION. POSSIBLE ANTERIOR FASCICULAR BLOCK. LEFT 
AXIS DEVIATION MAY ALSO BE SECONDARY TO THE INFERIOR MI. 

OF POSTERIOR 


eng PROGRESSION 
HE. PART, BE RECIPROCAL TO THE INFERIOR 
ST ELEVATION. ADDITIONAL NONDIAGNOSTIC ST/T ABNORMALITIES HAVE 


ECG CONTINUES TO BE ABNORMAL 
THIS ECG IS BEING STORED FOR FUTURE SERIAL COMPARISON. 


e For fast, effective, clinically relevant ECG 
analyses 

e Makes use of logic and language familiar 
to you 

e Recognizes abnormalities and changes in 
the complete series of ECG’s for the patient 

e Draws conclusions only after: 

— All abnormal shapes have been recognized 
and their interrelationships to prior ECG's 
are considered 

— The dynamics and time frame of changes 
are observed 


To find out more about TELEMED's ECG Serial 
Comparison System, ES-COMP 1, call: 800-323-4758 
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Pharmacokinetics Anxiety neuroses 


Ativan (lorazepam) is eliminated more rapidly In many nationwide studies involving 

than other benzodiazepines; generates no thousands of patients with anxiety neuroses, 
clinically active metabolites. The half-life of Ativan (lorazepam) consistently provided 
free lorazepam is about 12 hours; steady-state significant relief of anxiety, tension, agitation 
blood levels are attained in 2-3 days. and irritability as measured by standard 
(Comparable data for diazepam: 20-50 hours Hamilton, Global (physician rated) 

and at least 7-10 days.) Ativan shows no and 35-Item (patient self-rated) scales. 


evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 


. They're all about the same, aren't they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 

- however, differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. 


Consider the record of Ativan: 


Anxiety in 

cardiovascular disorders 

Ativan (lorazepam) has been specifically 
evaluated and found effective in seven 
common protocol, double-blind studies 
involving 423 patients (211 on Ativan) 
whose anxiety was related to organic 
and functional cardiovascular disorders. 
The cardiovascular component 

has not, of course, been shown to be 
significantly benefited by such therapy. 





Anxiety in Anxiety in 

gastrointestinal disorders the aging patient 

So far, nine common protocol, double-blind Because its simple metabolism is not readily 
studies of Ativan have focused on anxious impaired with advancing age, and 

patients with functional or organic accumulation is not likely to present a 
gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
of course, been shown to be significantly within seconds in water or fruit juice. 


benefited by such therapy. 
Ativan. 


(lorazepam) 


Brief Summary of Prescribing Information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use. i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient 


` Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminisned tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence Withdrawal symptoms like those noted with barbi- 


' turates and alcoho! have occurred following abrupt discontinuance of benzodiazepines 
* (including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 


tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal! symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety. consider possibility for suicide 

For eiderly or debilitated patients. initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions 

Observe usual precautions with impaired renal or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 


; 6mg kg day No effect dose was 1.25mg/kg’ day (approximately 6 times the maximum human 
. therapeutic dose of 10mg/ day). Effect was reversible only when treatment was withdrawn within 


2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease 

Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia, some have had 
elevations of LDH As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 


. effects when administered with such medications as barbiturates or alcohol 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed 


' PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 


Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies 


. Because use of these drugs is rarely a matter of urgency, use cf lorazepam during this period 
- should almost always be avoided. Possibility that a woman of child-bearing potential may be 


pregnant at institution of therapy should be considered Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug 

In humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 


NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 


. benzodiazepines As a general rule, nursing snouid not be undertaken while on a drug since 


many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15 995). followed by dizziness (6.9%), 
weakness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


Overdosage: in management of overdosage with any drug, bear in mind that multiple agents 


may have been taken. Manifestations of overdosage include somnolence, confusion and coma. ` 


Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension. though unlikely, usually may be controlled 


- with Levarterenol Bitartrate Injection U S.P Usefulness of dialysis has not been determined 
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Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 


. may vary from 1 to 10mg/day in divided doses. For elderly or debili- | 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 


tional stress, 2-4mg h.s. 
How Supplied: 0.5, 1.0 and 2.0mg tablets. 
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HEAD OF THE 
DIVISION OF CARDIOLOGY 


Department of Medicine, University of Kentucky College 
of Medicine, Lexington, Kentucky. 


Applications are being sought for Head of the Division 
of Cardiology in the Department of Medicine. Letters of 
application should include a curriculum vitae and be sent 
to John G. Banwell, M.D., Chairman, Cardiology Search 
Committee, University of Kentucky College of Medicine, 
Lexington, Kentucky 40536. 


CARDIOLOGIST 


Full time staff positions available in catheterization 
laboratory and CCU at Henry Ford Hospital. Active 
clinical cardiology and surgical program with major 
research and academic emphasis and university 
affiliation. Respond with CV to Dr. Sidney Goldstein, 
2799 West Grand Boulevard, Detroit, MI 48202. 


Kennewick, Washington is one of three com- 
munities on the banks of the Columbia River known 
as the Tri-Cities and according to the Wall Street 
Journal is the second fastest growing area in the 
United States. We have a great need for a cardiol- 
ogist. Please call collect Kennewick General 
Hospital Foundation, 509-783-4664 after 5 P.M. 


NEW ORLEANS, LA, well-established internal medicine group is 
seeking B.E./B.C. U.S. grad to do general medicine, invasive and 
non-invasive cardiology in attractive surroundings. Send CV to Eloise 
Gusman, Suite 414, 201 Evans Road, New Orleans, LA 70123 or call 
504/733-3353. 
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This is a study of the conduction system of two adolescent boys, one 16 
and the other 17 years of age, who had prolonged unexplained sinus nodal 
dysfunction. The first patient had sinus pauses up to 2.5 seconds in du- 
ration, absence of persistent sinus bradycardia and prolonged sinus nodal 
recovery time of 3,451 ms. He died suddenly. Pathologic study of the 
conduction system revealed degeneration and fibrosis of the approaches 
to the sinoatrial (S-A) and atrioventricular (A-V) nodes and the atrial 
preferential pathways. The second patient had a 1 year history of per- 
sistent sinus bradycardia (30 to 60 beats/min) and prolonged sinus nodal 
recovery time of 3,725 ms. He died of acute viral hepatitis. Pathologic 
study of the conduction system revealed fatty infiltration of the approaches 
to the S-A and A-V nodes and the atrial preferential pathways. 

In summary, the approaches to the S-A and A-V nodes and the atrial 
preferential pathways were altered by fibrosis in Case 1 and by fatty in- 
filtration in Case 2, both of unknown origin. The S-A node itself was not 
significantly involved in either case. 


The sick sinus syndrome is usually encountered in the elderly. However, 
recent reports describe sinus nodal dysfunction in children and adoles- 
cents.!-!2 This dysfunction often complicates surgical correction of 
congenital heart disease.!?!^ In the latter instance, pathologic exami- 
nation may reveal surgical trauma to the sinoatrial (S-A) node or in- 
ternodal pathways. 

The idiopathic sick sinus syndrome is relatively rare in children and 
adolescents and there have been no previous pathologic reports con- 
cerning the anatomic substrate of this disorder. In this report, we de- 
scribe the findings in two adolescent boys with electrophysiologically 
documented sinus nodal dysfunction. Both boys subsequently died (one 
suddenly), allowing an opportunity for pathologic examination of the 
heart. In both cases, serial section of the conduction system demon- 
strated a pathologic substrate for the occurrence of the sick sinus syn- 
drome. 


Case Reports 
Case 1 


This boy had a harsh systolic murmur at birth and at age 11 months underwent 
cardiac catheterization, which revealed a left to right shunt at the ventricular 
level. By the time the boy was 6 years old, the murmur was no longer audible and 
at age 13 a second cardiac catheterization revealed no abnormalities. The patient 
was asymptomatic except for a single brief syncopal episode, associated with 
convulsions, at age 5 years. At age 13, the boy was referred to the Johns Hopkins 
Hospital for evaluation of bradyarrhythmias. After that time, he failed to keep 
his medical appointments, but was reported to have pulse rates of 70 to 90 
beats/min during school examinations. He died suddenly at age 16. 
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FIGURE 1. Case 1. Leads |, Il, Ill, V4 and Vg from resting electrocardi- 
ogram taken at age 13. Short runs of supraventricular tachycardia 
(probably multifocal atrial tachycardia) are followed by pauses of 1.5 
to 1.7 seconds terminated by junctional escape beats. Left axis deviation 
is alsc evident. 


Review of electrocardiographic and electrophysiologic 
data: Right ventricular hypertrophy was demonstrated on 
electrocardiograms taken prior to age 4 1/2 years. At age 2 
years, sinus tachycardia, interrupted by sinus pauses of 1.3 
to 1.4 seconds, was evident. Electrocardiograms taken at 7 1/2 
and 8 1/2 years showed normal sinus rhythm. At age 13, the 
following were noted: brief runs of supraventricular tachy- 
cardia, followed by pauses of 1.5 to 1.7 seconds, terminated 
by junctional escape beats (Fig. 1 and 2) with rates of 40 to 50 
beats/min. 

At age 14 years, the patient underwent electrophysiologic 
studies. These revealed a junctional escape rhythm (cycle 
length 1,040 ms) that controlled both the atria and the ven- 


tricles (H-V interval 40 ms). The sinoatrial recovery time, 
determined by atrial pacing, was 3,780 ms (Fig. 2). After ad- 
ministration of 0.8 mg of atropine, the cycle length of the 
junctional rhythm decreased to 585 ms and the sincatrial re- 
covery time to 940 ms (Fig. 2). 

Postmortem findings: The pathologic diagnoses, excluding 
the findings in the heart, were (1) acute passive congestion of 
the visceral organs, and (2) abnormal origin of the right sub- 
clavian artery (originating distal to the left subclavian artery), 
which coursed in front of the trachea to the right side. 

Heart: gross examination: The heart was enlarged and 
weighed 325 g. All chambers were hypertrophied and enlarged. 
The internal architecture of the right atrium was ebnormal 
(Fig. 3). There was no sharp line of demarcation between the 
sinus venarum receiving the superior vena cava and the right 
atrial appendage. The ventricular septum at its base presented 
a small ventricular septal defect measuring 1 mm in greatest 
dimension. This defect was situated beneath the junction of 
the right and posterior aortic cusps and opened into the right 
side at the junction of the right atrium and ventricle in an area 
devoid of tricuspid valve tissue. On the left ventricular side 
it was surrounded by thickened endocardium. The aortic valve 
consisted of three cusps with a slight separation of the cusps 
at the commissures. 

Microscopic examination: methods: The S-A and atrio- 
ventricular (A-V) nodes and their approaches, the A-V bundle 
and bundle branches up to the muscle of Lancisi were serially 
sectioned and every fifth section was retained. The remainder 
of the bundle branches up to the region of the moderator band 
were serially sectioned and every 10th section was retained. 
These were consecutively stained with hematoxylin-eosin. 
Weigert-van Gieson and Gomori trichrome stains. The atrial 
preferential pathways were serially sectioned and every 20th 
section was retained. The remainder of the heart was cut into 
blocks and two sections were taken from each block. The atrial 
preferential pathways and the remainder of the heart were 
alternately stained with hematoxylin-eosin and Weigert-van 
Gieson stains. In this manner 898 sections were studied. This 
manner of examination of the heart has previously been re- 
ported. 15:16 





FIGURE 2. Case 1. Determination of sinoatrial recovery times (SART) by atrial pacing. Shown in each pane! are electrocardiographic lead II (L2) 
and high right atrial (HRA) and His bundle (HBE) electrograms. Time (T) spikes (bottom of each panel) are at 10 ms intervals. Before administration 
of atropine (top panel) the sinoatrial recovery time was 3,780 ms; after administration of 0.8 mg of atropine (bottom panel), it was 940 ms. CL = 
cycle length. 
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Conduction system: S-A node: There was a slight increase 
in connective tissue in the lower part of the node (Fig. 4, top) 
with a slight infiltration of mononuclear cells. An occasional 
arteriole was thickened. The epicardium likewise showed a 
slight mononuclear cell infiltration. The S-A nodal artery 
showed no changes. 

Approaches to the S-A node: All of the approaches had 
enlarged cells, which were pale-staining and somewhat 
vacuolated. There was a diffuse marked increase of connective 
tissue at the lower pole of the S-A node, focally in the upper 
pole (Fig. 4, bottom) and in general in the transitional zone 
with the atria. 

Atrial preferential pathways; Diffuse fibrosis of the an- 
terior, middle and inferior preferential pathways was seen 
(Fig. 5, left) with marked swelling and vacuolization of the 
cells. The S-A nodal artery arose from the left circumflex ar- 
tery and showed no changes. 

Approaches to the A-V node: These cells were markedly 
swollen with diffuse fibrosis (Fig. 5, right). In addition there 
was occasional infiltration of mononuclear cells. The sinusoids 
and lymphatics were dilated. 

A-V node: Moderate fibrosis with focal eosinophilia of cells 
was present. 

A-V bundle, penetrating: This was markedly septated (Fig. 
6, left). Swelling in some cells with pale cytoplasm and vacu- 
olization were noted. : 

Branching bundle: This again was markedly septated with 
marked vacuolization of the cells of the left side. Minimal fi- 
brosis was also present. 

Left bundle branch: The cells showed increased vacuoli- 
zation. There was moderate fibrosis, which increased more 
distally. The left bundle branch was disrupted at the bifur- 
cation (Fig. 6, right) with vacuolization of the remaining cells. 
These findings were more evident in the anterior than in the 
posterior radiation. 

Right bundle branch: Increased vacuolization of cells was 
noted, and moderate fibrosis was seen in the region of the 
closing ventricular septal defect. More distally, there was 
slight fibrosis. 

Peripheral Purkinje cells: Moderate fibrosis was present 
on both sides. Vacuolar degeneration of the Purkinje cells with 
focal mononuclear and neutrophilic infiltration was present 
on the left side. 

Summit of the ventricular septum and central fibrous 
body: Marked fibrosis of the myocardium and endocardial 
fibroelastosis were present in the region of the ventricular 
septal defect. The sinusoids of the right ventricular side were 
enlarged. The central fibrous body was thickened. 

Left atrium: The myocardium was infiltrated with mono- 
nuclear cells. The left circumflex artery passed through the 
atrial myocardium instead of the A-V groove. 

Left ventricle: There was a focal infiltration of mononuclear 
cells. 

Right atrium: The myocardial cells showed diffuse swelling 
and vacuolization, with a fine infiltration of mononuclear cells. 
The roof was markedly fibrotic. 

Right ventricle: The myocardial cells showed irregular 
staining and swelling. Some small arteries were slightly 
thickened. 


Case 2 


This boy was in good health until age 15 years, when he 
failed to attend school because of easy fatigability and dizzi- 
ness. Physical examination revealed bradycardia (30 to 50 
beats/min) and orthostatic hypotension. Hospital evaluation 
revealed neutropenia and slight indirect hyperbilirubinemia 
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(1.3 mg/ml), but endocrinologic investigations and hepatic 
enzyme levels were normal. Electrophysiologic studies were 
performed at St. John’s Hospital, Springfield, Illinois at this 
time (see later). The patient was treated with corticosteroids 
and sublingual isoproterenol and his symptoms were alle- 
viated despite persistence of bradycardia. Nine months later, 
he presented with hepatitis (hepatitis B surface antigen- 
positive). He lapsed into hepatic coma and died. 

Electrocardiographic and electrophysiologic data: 
Electrocardiograms at rest revealed left axis deviation, low 
voltage in the limb leads and marked sinus bradycardia (30 
to 32 beats/min) (Fig. 7). After administration of atropine, 0.02 
mg/kg, and propranolol, 0.1 mg/kg, intrinsic heart rate was 
slower than normal at 74 beats/min. (Normal range for age 15 
years: 94 to 115 beats/min). With exercise, sinus rate increased 
to 150 beats/min. 

Electrophysiologic studies revealed marked sinus brady- 
cardia (cycle length 1,532 ms). P-A, A-H and H-V intervals 
were normal (16, 72 and 50 ms, respectively). Type 1 second 
degree block occurred in the A-V node at an atrial paced rate 
of 150 beats/min. Sinoatrial recovery time was 3,725 ms 
(corrected recovery time 2,445 ms) (Fig. 8). Atrial extrastim- 
ulus testing during sinus rhythm yielded a calculated sino- 
atrial recovery time of 46 ms. Atrial extrastimulus testing at 
a paced cycle length of 600 ms revealed normal atrial and A-V 
nodel refractory periods, and a prolonged left bundle branch 
effective refractory period of 470 ms. 

Postmortem examination: Aside from the findings in the 
heart, the pathologic diagnosis was acute viral hepatitis, type 
B, with massive central necrosis of liver cells (massive agonal 
necrosis of the renal cortical parenchyma secondary to 
shock). 





FIGURE 3. Case 1. Abnormal architecture of the right atrium. The sinus 
venarum is not sharply demarcated from the atrial appendage. L = 
limbus; PC = posterior crest; RA = right atrium; RV = right ventricle; 
SVC = entry of superior vena cava into right atrium; TV = tricuspid 
valve. 
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Heart: gross examination: The heart was enlarged and 
weighed 372 g. All the cardiac chambers were hypertrophied 
and enlarged, but all four valves were normal. An increased 
amount of fat was seen externally in most parts of the epi- 
cardium (Fig. 9). The coronary ostia and the coronary circu- 
lations were normal. 

Microscopic examination: methods: The S-A and A-V 
nodes and their approaches and the bundle and the bundle 
branches up to the level of the moderator band were serially 
sectioned and every 10th section was retained. The atrial 
preferential pathways were likewise serially sectioned and 
every 20th section was retained. The remainder of the heart 
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was cut into blocks and two sections were taken from each 
block. Consecutive sections of the S-A node, A-V node and 
bundle and the bundle branches were stained with hema- 
toxylin-eosin, Weigert-van Gieson and Gomori trichrome 
stains. The remainder of the heart was stained with hema- 
toxylin-eosin and Weigert-van Gieson stains. In this manner 
826 sections were examined. 

Conduction system: S-A node: There was a slight increase 
in connective tissue (Fig. 10) with a fine infiltration of mo- 
nonuclear cells. The S-A nodal artery showed no changes. 

Approaches to the S-A node: An increase in fat tissue was 
present (Fig. 11, left) with degenerative changes in the fat with 


FIGURE 4. Case 1. Top, sinoatrial (S-A) 
node and approaches. Bottom, superior 
approaches to S-A node showing 
marked fibrosis. Ap = approaches to 
sinoatrial node; SA = sinoatrial node. 
(Both panels, Weigert-van Gieson stain 
X45, reduced by 20 percent.) 


macrophages. There was a fine infiltration of mononuclear 
cells throughout the myocardium, including the epicar- 
dium. 

Atrial preferential pathways: The superior pathway was 
markedly infiltrated with fat (Fig. 11, right) with marked 
degeneration of the fat with macrophages. Mononuclear cells 
had infiltrated throughout the myocardium. The nerves of the 
epicardium were infiltrated with mononuclear cells and the 
nerve ganglia had degenerated. The S-A nodal artery was 
normal. 

Approaches to the A-V node: Fatty infiltration was present 
throughout. There was considerable infiltration of mononu- 
clear cells and fibrosis in the myocardium. 

A-V node: This was small and infiltrated with mononuclear 
cells. 

Penetrating bundle: This was normal. 

Branching bundle: A moderate amount of fibrosis was 
present with slight infiltration of mononuclear cells. 

Left bundle branch: Fibrosis was present at its junction 
with the main bundle. Mononuclear cell infiltration was also 
present, which increased toward the periphery of the left 
bundle branch. The radiations showed a marked infiltration 
of mononuclear cells. 

Right bundle branch: Slight fibrosis was present in the first 
part, but became moderate in the second part. The third part 
showed a marked infiltration of mononuclear cells. 

Central fibrous body: This was markedly thickened. 
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FIGURE 5. Case 1. Left, junction of inferior interatrial tract and inferior approaches to A-V node (coronary sinus region), showing marked fibrosis. 
Right, superior approaches to A-V node showing marked fibrosis. CFB — central fibrous body. T — thebesian valve. (Both panels, Weigert-van 
Gieson stain X45, reduced by 23 percent.) 
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Summit of the ventricular septum: Mononuclear cell in- 
filtration was marked anteriorly. In addition arteriolosclerosis 
and fibrosis were present. Some large arterioles showed ne- 
crotic changes. 

Myocardium: A moderate amount of mononuclear cell in- 
filtration was present in both the atria and ventricles. This was 
accompanied by a moderate amount of perivascular fibrosis 
and arteriolar and venular degeneration. Infiltration of fat was 
present in the right ventricle with degeneration of fat cells. 


Discussion 


Anatomic basis for sick sinus syndrome: Sinus 
nodal dysfunction in young people has previously been 
reported. However, the anatomic basis for sinus dys- 
function is unknown. Our two cases shed some light on 
this problem. In evaluating the cause of this chronically 
present sick sinus syndrome only chronic changes can 
be taken into account. 

In Case 1, sinus nodal dysfunction was documented 
when the patient was 2 and 6 years old, but thereafter 
there was no evidence of such dysfunction until age 14. 
This problem was complicated by the fact that the pa- 
tient had a closing ventricular septal defect. The ana- 
tomic finding that might conceivably be related to this 
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FIGURE 6. Case - 1. Left, bundle of His, showing marked septation and fragmentation. Arrows poki to bundle Right, left bundle branch (LBB) cut 
off from bundle (B). CFB = central fibrous body; F = fibroelastosis; TV = tricuspid valve; V = ventricular septum; VSD = ventricular septal defect. 
(Both panels, Weigert-van Gieson stain X30 [left] and X13 [right], reduced by 24 percent.) 


dysfunction was fibrosis of the approaches to the S-A enlargement of the atria secondary to hypertrophy and 

node, of the atrial preferential pathways and of the enlargement of the ventricles due to a left to right shunt 

approaches to the A-V node. at the ventricular level may have produced the fi- 
What is the cause of this fibrosis? We do not know. brosis. 

An interesting minor abnormality in the formation of In Case 2, sinus nodal dysfunction was documented 

the superior part of the right atrium may be related to 1 year before the patient's death. The anatomic basis 


it. It is possible that long-standing hypertrophy and for this dysfunction conceivably lies in the fatty infil- 
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FIGURE 7. Case 2. Twelve standard electrocardiographic 
leads (top) and a lead Il rhythm strip (bottom) taken at age 
15. Left axis deviation, low voltage in the limb leads and 
marked sinus bradycardia (31 beats/min) are evident. 
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FIGURE 8. Case 2. Determination of sinus nodal recovery time. Shown are Frank leads X, Y and Z as well as a high right atrial electrogram (HRA). 
Time lines are at 1 second intervals. After atrial pacing (S) at a cycle length of 545 ms (rate 110 beats/min), sinus nodal recovery time was 3,725 


ms. (Corrected sinus nodal recovery time was 2,445 ms.) 


tration of the approaches to the S-A node, of the atrial 
preferential pathways and of the approaches to the A-V 
node. 

What is the cause of this fatty infiltration, which 
involved not only the aforementioned areas, but also the 
entire subepicardial region: Again, we do not know. 
Fatty infiltration is either a replacement of degenerated 
tissue or is the cause of such degeneration.!7-!9 In a 
youth of 15, it is distinctly abnormal to have such fatty 
infiltration. There are many instances of fatty infiltra- 
tion or lipomatosis of the atrial septum associated with 
arrhythmias.?9-?» However, it is clear that in both cases 
the so-called sick sinus syndrome was due to pathologic 
changes not in the S-A node, but in the approaches to 
the S-A node and the atrial preferential pathways and 
perhaps in the approaches to the A-V node. We are 
dealing with an atrial disease, not a S-A nodal dis- 
ease. 

In both cases there was chronic pathologic change in 
the more distal as well as in the proximal part of the 
conduction system. In Case 1 this can be ascribed to the 
closing ventricular septal defect, with its concomitant 
fibrosis and fibroelastosis in the surrounding areas. 
However, in Case 2 the only anatomic changes that 
might affect the more distal part of the conduction 
system are the enlargement of the central fibrous body 
and the fibrosis and arteriolosclerosis of the summit of 
the ventricular septum. These changes might conceiv- 
ably be due to sclerosis of the left side of the cardiac 
skeleton occurring in a young person.!® The finding of 
distal disease in the conduction system in the sick sinus 
syndrome in older people is well known.?6-49 Such 
findings in young people are equally important in as- 
sessing the value of pacemaker implantation and in 
making a general prognosis. 

We have previously stated^! that conduction system 
studies in the sick sinus syndrome should include 
studies of the S-A node and its approaches, the atrial 
preferential pathways, the approaches to the A-V node, 
the A-V bundle, bundle branches and the Purkinje nets 
as well as the remainder of the heart. The value of such 
studies is borne out by these two cases. Because our 


knowledge of the anatomic basis of the so-called sick 
sinus syndrome is fragmentary, only complete studies 
from many laboratories will yield useful data in eluci- 
dating the problem. 

Clinical features: The cause of sudden death in Case 
1 is very likely related to the sick sinus syndrome. The 
patient was repeatedly asked to return for examination 
after age 13 to evaluate the necessity for a pacemaker, 
but he refused to do so. 

From the clinical standpoint, our two cases had im- 
portant features in common. Each patient had a relative 
paucity of symptoms. In neither were symptoms 
thought to be severe enough to necessitate permanent 
pacing. Electrophysiologic studies in both revealed 





FIGURE 9. Case 2. External view of the heart showing marked fatty 
infiltration of epicardium. LV = left ventricle; PT = pulmonary trunk: 
RV = right ventricle. 


July 1980 The American Journal of CARDIOLOGY Volume 46 169 


SICK SINUS SYNDROME IN ADOLESCENCE—BHARATI ET AL. 


FIGURE 10. Case 2. Sinoatrial (SA) 
node showing slight fibrosis. (Weig- 
ert-van Gieson stain X45, reduced by 
21 percent.) 















» a Pot. . Pp. $ | "e - | 
FIGURE 11. Case 2. Left, approaches to sinoatrial node showing marked fatty infiltration of myocardium. Right, fatty infiltration of superior irternoda 
pathway. Arrows point to fatty infiltration. (Both panels, Gomori trichrome stain X45, reduced by 12 percent.) 
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marked prolongation of the sinus nodal recovery time. 
Both patients also had a significant functional compo- 
nent to sinus bradycardia, as manifested by marked 
facilitation of the sinus rate after administration of at- 
ropine in Case 1 and by demonstration of normal sinus 
nodal response to exercise in Case 2. The clinicians 
caring for both patients believed their disorder to be an 
example of obscure (idiopathic) sinus nodal dysfunc- 
tion, not related to any apparent organic heart dis- 
ease. 

Therapy: This study has little to suggest regarding 
the therapy of the sick sinus syndrome in children and 
adolescents because there are no means of judging the 
functional significance of pathologically demonstrated 
conduction system lesions. From our studies of con- 
duction diseases in adults, it is clear that advanced and 
often subtotal destruction of major portions of the 
conduction system is consistent with preservation of 
normal electrophysiologic function.*? In our Case 1, it 
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is possible that implantation of a permanent pacemaker 
might have prevented sudden death (if sudden death 
was bradyarrhythmic). Permanent pacing would not 
have prevented the death of Patient 2, who died of ful- 
minant hepatitis. It is not clear what the natural history 
of sinus nodal disease in this boy would have been if he 
had not died of hepatitis. 

Clinical implications: It is difficult to draw defini- 
tive clinical inferences from the pathologic study of 
these two cases. The disease process responsible for the 
pathologic findings in both cases is obscure. However, 
the two cases underline the importance of careful non- 
invasive (and perhaps invasive) evaluation for the 
presence of organic heart disease in young patients with 
the sick sinus syndrome. Further electrophysiologic and 
pathologic correlation, including complete studies of the 
entire conduction system in children and young adults 
with this syndrome, should allow further understanding 
of this disorder. 
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EDITORIALS 


Physiologic and Prognostic Implications of Invasive Monitoring: 
Undetermined Risk/Benefit Ratios in 


Patients With Heart Disease* 


DAVID H. SPODICK, MD, DSc, FACC 


Worcester, Massachusetts 


Physicians are engaged in unending efforts to improve 
diagnosis and treatment. Yet, not all the acts of mercy 
we direct toward patients are necessarily beneficial. 
Technical advances regularly convert animal laboratory 
procedures first to the human laboratory and then to 
the bedside. When these procedures are atraumatic 
(noninvasive) they become unexceptionable assets to 
patient care. When invasive, they are surely assets, but 
too often with undetermined risk/benefit ratios. 

A report of clinically good risk (Killip class I) patients 
with acute myocardial infarction, all of whom under- 
went routine Swan-Ganz catheterization, ! was chal- 
lenged? for excessive (10 percent) mortality. That ex- 
change raises a thoroughly neglected, but scientifically 
(hence, ethically) inescapable problem for careful con- 
sideration—the effects of invasive instrumentation. 
Weber and et al.? correctly observed that clinical and 
hemodynamic data in patients with acute infarction are 
not accurately correlated, and they appropriately crit- 
icize the comparative data base of a study reporting a 
2.2 percent mortality rate.? However, there remain the 
basic questions of whether invasive instrumentation 
affects patients' responses and whether the very fact of 
invasion will be deleterious or helpful to the patient. 


Pathophysiologic Effects of Invasive 
Instrumentation 


What is the effect of invasive instrumentation? The 
simplest invasive act is ordinary needle puncture. Ev- 
eryone is familiar with the tendency of certain patients 
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to faint during this procedure even when it is performed 
to obtain small blood samples. Thus, acutely at least, 
invasion itself can cause undesirable cardiocircula- 
tory—presumably reflex—responses in certain people. 
We were surprised when completely noninvasive studies 
of the acute cardiocirculatory effects of head-up tilt in 
different groups of male subjects failed to provoke a 
single episode of fainting.*-9 In contrast, extensive ex- 
perience with head-up tilt at the National Aeronautics 
and Space Administration indicated a close relation 
between fainting and insertion of venous and arterial 
lines.’ Thus, circulatory responsiveness—an important 
factor during acute infarction—is clearly and perhaps 
detrimentally modified by invasive instrumentation. 

In a study of essentially healthy firefighters subjected 
to sudden strenuous exercise, Barnard et al.8 demon- 
strated abnormal electrocardiographic responses in 60 
percent of subjects, all of whom had responded normally 
to ordinary stress testing. When catheters were in 
place, the number and duration of abnormal electro- 
cardiographic responses were drastically reduced. The 
authors concluded that placing of a catheter may have 
caused apprehension, which acted in part as a warm-up 
(prior warm-ups had also improved the electrocardio- 
graphic response). Here, the effect of invasion appeared 
favorable, but the point remains that the patients' re- 
sponses during the basal state and during invasive in- 
strumentation differed significantly. Barnard et al. 
considered one cost of such invasion to be apprehen- 
siveness. During acute infarction, apprehensiveness and 
the corresponding autonomic hyperstimulation could 
be deleterious—or helpful. 

Galbo and Paulev,? using noninvasive rebreathing 
methods, demonstrated lower values for stroke volume 
than were obtained by methods that require cardiac 
catheterization. They concluded that apprehensiveness 
due to catheterization and absence of a basal state were 
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TABLE ! 
Flow-Directed Catheterization: General Indications 


Measure ventricular function: immediate and sequential 
Instantaneous measurements 
Cardiac output 
Left ventricle (wedge or pulmonary arterial diastolic pressure) 
Right ventricle (end-diastolic pressure) 
Measurements of responses 
Volume challenge (function curves) 
Therapeutic agents/maneuvers 
Obtain prognostic data 
Functional data + clinical findings 
(Electrode-equipped catheters) 
Atrial electrogram 
Atrial pacing 


probably related. Investigations by Hickam et al.!? also 
indicated important anxiety-related effects that 
sometimes extended to the point of circulatory collapse. 
Some of these effects resembled the effects on the cir- 
culation of administration of small doses of epinephrine. 
Finally, Cumming!! noted that subjects sitting on an 
ergometer had increases in cardiac output, stroke vol- 
ume and arterial pressure when catheters were in- 
serted. 

Most of the work just cited is related to relatively 
acute effects of invasive instrumentation. We do not 
have data on more prolonged effects or on whether ei- 
ther acute or prolonged invasion can in some way reset 
cardiac response levels (vagal or adrenergic) for subse- 
quent events. The important point is that we have not 
distinguished between the immediate and the con- 
tinuing effects of invasion itself. 


Application of Invasive Instrumentation 


It is clear that an intravascular “line” changes the 
patient; that is, it evokes responses that may be entirely 
reflex, or psychological and reflex. Irrespective of 
mechanism, we lack objective definition of contraindi- 
cations as well as indications. For whom does invasive 
instrumentation bring net benefit? For whom is it 
questionable or detrimental? Certainly, in critically ill 
patients requiring fine adjustments of certain thera- 
peutic agents there is no other way to adjust dose levels 
safely. For determining the basis of low output syn- 


TABLE Ill 
Complications of Flow-Directed Catheterization 


Balloon rupture 
Pulmonary infarction 
Emboli 
Inadvertant/prolonged wedging 
Arrhythmias 
Infection 
Pulmonary arterial rupture 
Valve damage 
Pulmonary 
Tricuspid 
Subclavian vein thrombosis 


Knotting 
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TABLE Il 


Flow-Directed Catheterization for Differential Diagncsis and 
Therapeutic Guidance 


Low output-hypoperfusion syndromes 
Hypovolemia 
Inotropic failure 
Cardiac tamponade 
Structural damage 
Mitral regurgitation 
Intraventricular septal rupture 
Right ventricular infarction 
Pulmonary syndromes 
Embolism 


Noncardiogenic pulmonary edema 


dromes (for example, volume depletion versus inotropic 
failure), cardiac catheterization at the bedside is often 
unavoidable. In any case, invasive monitoring should 
be performed only to answer a critical question. Table 
I summarizes general indications for insertion of right 
heart flow-directed (Swan-Ganz) catheters. Table II 
summarizes the information the procedure can provide 
to make diagnostic (hence, also therapeutic) decisions. 
However, among different cardiac care units and indi- 
vidual physicians the use of such invasive techniques 
ranges widely from strictly clinical observation to “ag- 
gressive" invasive monitoring. Some distinguished 
cardiologists manage quite well with few or no invasive 
measures!?; other physicians rely on them pri- 
marily.!+13 


For Which “Good Risk" Patients is Cardiac 
Catheterization Indicated? 


As with therapeutic trials, perhaps it is time to do 
controlled clinical trials of invasive diagnostic and 
monitoring methods that can themselves modify the 
patient’s condition. This aspect is conceptually distinct 
from procedural complications (summarized for flow- 
directed catheters in Table III). 

Patients in Killip class I are readily identified by their 
good clinical condition, that is, absence of rales, 
pathologic third heart sound, pulmonary vascular 
congestion and significant hypotension. They could be 
randomized for management with and without Swan- 
Ganz catheterization to determine whether helpful and 
harmful effects of cardiac catheterization itself may 
become apparent and to define individual indications 
and contraindications for the procedure. This would 
require a large enough study for stratification and 
subgroup matching according to enzyme patterns, in- 
farct location, development of complications and mor- 
tality. Although clear-cut answers would not be guar- 
anteed, it is difficult to see how one might otherwise 
evaluate a procedure that is doubtless valuable for the 
physician, helpful to some and possibly harmful to other 
other patients. Without minimizing bias in collecting 
data, that is, performing appropriately designed con- 
trolled clinical trials, we cannot evaluate either thera- 
peutic or diagnostic methods. 
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Significance of Slow Atrial Rhythm” 


M. IRENE FERRER, MD 
New York, New York 


Clinical recognition: Slow atrial rhythm has a reg- 
ular and relatively slow rate in distinction to fast atrial 
tachycardia; the rate of firing is usually 50 to 80/min.' 
The rhythm is characterized by P waves preceding every 
QRS-T complex, but the form of the P wave differs from 
that of sinus rhythm and the P-R interval, which may 
be normal or slightly longer than 0.20 second, is defi- 
nitely different from the P-R interval of the rhythm 
arising in the sinoatrial (S-A) node. The vector of the 
P wave in slow atrial rhythm is often quite different 
from that seen in sinus rhythm, and may be negative in 
leads II, III and aVF and positive in aVR (see Fig. 14, 
reference 1). In this form and because of the abnormal 
P wave polarity, a junctional rhythm is often misdiag- 
nosed because the normal or long P-R interval is over- 
looked. However, if the polarity of the P wave is positive 
in these leads rather than negative, it may be difficult 
to distinguish slow atrial rhythm from sinus rhythm 
because the heart rates are similar in the two conditions. 
If previous electrocardiograms showing sinus rhythm 
are available for comparison, or if the onset of slow atrial 
rhythm is seen after a sinus pause, differences in the 
shape of the P waves (abnormal notching and differ- 
ences in size and occasionally in width) in the atrial 
rhythm allow detection of slow atrial rhythm. 

Slow atrial rhythm, however, is very often missed 
unless the electrocardiographer makes a practice of 
close inspection of the features of the P wave. The 
physiologic consequences of slow atrial rhythm do not 
produce hemodynamic difficulties because the atrio- 
ventricular sequence is normally preserved (in contrast 
to junctional rhythms with their short P-R intervals or 
R-P intervals), and the so-called “atrial kick," or ben- 
eficial effect of atrial systole on cardiac output, is not 
lost because the P-R interval is normal or only slightly 
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prolonged in slow atrial rhythm. The rates of slow atrial 
rhythm are not abnormal, and thus apical or pulse rates 
do not alert the observer to an abnormal rhythm. Hence, 
slow atrial rhythm may persist as the predominant 
cardiac mechanism in masquerade. However, it is gen- 
erally less likely to fluctuate in rate (with exercise or - 
endogenous catecholamine stimulation) than is sinus 
rhythm, and this stability might arouse one's suspi- 
cions. 

Association with sick sinus syndrome: Slow atrial 
rhythm has generally been thought to originate as an 
escape rhythm that arises when sinus rhythm fails. It 
may become the constant rhythm once the S-A nodal 
rhythm falls below the rate of the intrinsic rhythmicity 
of (potential) atrial pacemakers. Slow atrial rhythm may 
arise anywhere in the two atria and take over the cardiac 
action. 

It is quite clear from recent clinical experience that 
slow atrial rhythm is part of the mosaic of findings as- 
cribed to a dysfunctional S-A node and thus a feature 
of the sick sinus syndrome. The following case illustrates 
this well: 

A 67 year old woman had a normal electrocardiogram 
in 1967 despite a long and asymptomatic history of 
mitral stenosis and insufficiency and a normal heart 
size. Sinus rhythm at a rate of 70 to 80/min was seen. By 
1970 a wide P wave of intraatrial block (without symp- 
toms or change in any cardiac chamber size) had de- 
veloped and by 1971 slow atrial rhythm at a rate of 
55/min appeared and persisted for 8 years. Recently she 
has had bouts of atrial fibrillation with symptoms of 
palpitations and, occasionally, sinus bradycardia for a 
few beats. Obviously her disorder started with atrial 
disease, then failure of the S-A node occurred and the 
escape rhythm was slow atrial rhythm. Later the 
“bradycardia-tachyeardia” followed. 

When the S-A node becomes very sluggish or fails 
entirely and the need for an escape rhythm arises, the 
escape focus may be atrial or junctional. Or, when sinus 
bradycardia becomes severe in the sick sinus syndrome, 
no escape rhythm may arise at all. One may therefore 
ask: Is there less atrial damage in a subject with the sick 
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sinus syndrome in whom slow atrial rhythm does arise 
than in one in whom sinus bradycardia gradually 
worsens and no escape rhythm—atrial or junctional— 
can or does appear? Does the presence of sustained slow 
atrial rhythm represent an early stage of the sick sinus 
syndrome in which other specialized tissues are not yet 
damaged by the process harming the S-A node? Is this 
a stage in which the S-A node might be revived once we 
learn how the primary pacemaker is destroyed? Exer- 
cise testing sometimes reveals the existence of sinus 
rhythm when a patient has slow atrial rhythm as a 
persistent mechanism. The S-A node may occasionally 
respond to endogenous catecholamine administration 
and fire at a rate of 70/min and suppress the slow atrial 
rhythm in which the firing rate was 55/min, but as sinus 
rhythm slows on recovery from exercise slow atrial 
rhythm takes over. The rate of the slow atrial rhythm 
itself may respond to endogenous stimuli such as those 
induced by fever or pain and may rise to 80 from 55/min 
and then decline again when these states cease to 
exist. 

Association with physiologically or vagally in- 
duced sinus bradycardia: One is strongly tempted to 
assign the significance of slow atrial rhythm to the 
failure of sinus rhythm and to consider its presence 
evidence of early sick sinus syndrome. But is this in- 


EDITORIALS 


variably so? There are few reliable clinical data on this 
point, and more observations should be published. It is 
also difficult to explain why slow atrial rhythm does not 
appear as an escape rhythm during physiologically or 
vagally induced sinus bradycardia if an atrial escape 
rhythm is the healthy response to slow sinus rates, al- 
though no one has suggested the presence of slow atrial 
rhythm in trained athletes whose sinus rates may reach 
35/min. Hence in nonpathologic sinus bradycardia one 
probably does not see slow atrial rhythm as a substitute 
rhythm. Does the strong vagal stimulus active in the 
latter condition also depress intrinsic rhythmicity in 
atrial (and junctional) pacemakers? 

With the present availability of 24 hour electrocar- 
diographic monitoring, I believe that once slow atrial 
rhythm is diagnosed in a patient, monitoring should be 
performed in a search for more information and the 
possibility of sick sinus syndrome entertained. Elec- 
trophysiologic studies might also reveal basic infor- 
mation about this frequently overlooked and certainly 
underexplored rhythm. 
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LETTERS TO THE EDITOR 


GLUCOSE-INSULIN-POTASSIUM INFUSION 


The use of glucose-insulin-potassium infusion in acute myo- 
cardial infarction has beer the subject of controversy since it 
was first proposed by Sodi-Pallares and his co-workers.! 
Various types of infusions have been variously studied with 
diverse results. The study by Rogers et al.? certainly is a wel- 
come contribution. 

However, one aspect of these studies has been largely ig- 
nored. We have taught for some time that the addition of 
regular insulin in small amounts to an intravenous infusion 
may result in the adsorption of the insulin to the container and 
tubing.3-6 In “small dose insulin therapy” of diabetic keto- 
acidosis the concentration has to be high so as to saturate 
binding sites. It has been shown? that if 10 units of insulin are 
added to 500 cc of normal saline solution, there is a loss of 
about 30 percent in 2 hours. Furthermore, this is believed to 
be a nonspecific surface phenomenon with small dose therapy, 
and the addition of albumin renders adsorption insignificant. 
Adsorption, under clinical conditions, would be variable de- 
pending not only on concentration but also on type, surface 
area, contact time and other factors. In other words, we have 
taught that the addition of & relatively small amount of insulin 
to a relatively large volume given relatively slowly has capri- 
cious effects. If this is true, experimental studies of such 
infusions may suffer from the assumption that the solution 
in the bottle is identical with that delivered to the patient. If 
the solutions are the same, then our teaching in terms of in- 
sulin adsorption is wrong; if it is not, then these experiments 
may not be measuring what we suppose them to be. Various 
possibilities emerge: Insulin may play a trivial role in benefits 
derived but large concentrations of glucose and potassium may 
either themselves have an effect or release endogenous insulin 
whose action is then responsible for the effect attributed to 
exogenous insulin. At any rate, the contradiction would appear 
to be in need of clarification. 


Erich H. Loewy, MD 
Department of Cardiology 
Albany Medical College 
Glens Falls, New York 
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REPLY 


We are, of course, aware of the phenomenon of adsorbance of 
small proportions of intravenously administered insulin to 
glassware and intravenous tubing. Undoubtedly this phe- 
nomenon was operative in our study to some extent. We agree 
with Loewy that the quantity of insulin received by the pa- 
tients was less than 100 percent of that initially added to their 
bottles of glucose and potassium. However, studies by Pe- 


terson et al. (Loewy's Ref 5) suggest that, with the concen- 
trations of insulin used in our work, the insulin loss is greatest 
with infusion of the first 50 to 100 cc of solution and, there- 
after, with insulin binding sites saturated, insulin delivery 
begins to approach 90 to 100 percent. 

Although the phenomenon of insulin adsorbance certainly 
deserves mention, it should not significantly influence the 
interpretation of our results. In our studies with glucose-in- 
sulin-potassium, we have predicated our analysis and dis- 
cussion not on the concentration of the substances infused, 
but on the results observed in patients after the infusion of 
these substances—namely, alterations in metabolism, he- 
modynamics, cardiac rhythm and other variables. The phe- 
nomenon of insulin adsorbance does pose a minor practical 
limitation to insulin administration intravenously but should 
be consistent from patient to patient and institution to in- 
stitution. Also of importance, as Loewy has mentioned, is the 
endogenous release of insulin in response to the glucose 
infusion, another factcr that could grossly alter the serum 
insulin concentration in studies such as ours. 


William J. Rogers, MD, FACC 
Division of Cardiology 
Department of Medicine 
University of Alabama Medical 
Center 

University Station 

Birmingham, Alabama 


LIFE WITHOUT AN? 


Some two decades ago an instrument of torture for the re- 
search community was introduced in the form of the 85 by 94 
mm rectangle into which the scientist had to squeeze the text 
of an abstract (at) of a paper to be presented at a meeting. 
Investigators had to abandon life-(le) long habits of counting 
words and (a) adapt themselves to the new system. 'T'he use 
of the smallest available type size for printing helped but did 
not solve the problem. Finally the scientist struck back by 
inventing the abbreviation (an) symbol. Thereafter abstracts, 
without (wt) fail, required reading several times over, scanning 
back and forth to find the key to the abbreviation. With time, 
the abbreviations became a status symbol to be used widely 
without regard for space requirements: They appeared in 
abstracts occupying only a portion of the magic rectangle and 
eventually made their way to be used widely in the lead 
summaries (sr) of scientific papers. 

Several solutions suggest themselves to make (me) it easier 
ter) for the scientific reader: (1) to limit abbreviations to ab- 
stracts requiring photographic reproduction, and only if space 
will (wl) not permit complete words; (2) to consider the rec- 
tangle a “table” and supply legends above or below it; (3) to 
limit the number of abbreviations; and (4), most of all, to 
outlaw their use in lead summaries except for abbreviations 
well known and widely accepted. 

At a sr wt an wl me le er! 


Arthur Selzer, MD, FACC 
Division of Cardiology 
Presbyterian Hospital 
San Francisco, California 
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Robert O. Brandenburg, MD, FACC 


| recently attended the mid year meeting 
of the American Society of Association 
Executives with our Executive Director, 
Bill Nelligan. At the Chief Elected Officers 
Symposium, one session was devoted to 
long range planning—“‘‘Failing to Plan is 
Planning to Fail." It was an expertly pre- 
sented symposium and was remindful of 
our own involvement with the Long Range 
Planning Committee of the College in 
1976. The College officers spent many 
hours developing a long range plan with 
the assistance of some outside consul- 
tants. It was a difficult, but challenging and 
stimulating endeavor. The question could 
reasonably be asked: Why would a pro- 
fessional medical society go through such 
an exercise? Answers could be phrased 
in many ways but | believe that the sim- 
plest and most direct would be ''to enable 
the society to meet the needs of its 
members in an optimal manner.” When 
these needs reflect a variety of disci- 
plines—that is, those of adult and pedi- 
atric cardiologists, cardiac surgeons, in- 
ternists with special interests in cardio- 
vascular disease, cardiac pathologists and 
physiologists, academic teachers, private 
practitioners and others—then the chal- 





lenge to determine and meet these needs 
becomes particularly demanding. 

The ASAE symposium on long range 
planning indicates that the basic approach 
to planning remains the same. It involves 
naming the fundamental reason for a so- 
ciety’s existence—that is, its mission— 
as well as the broad objectives or goals to 
be achieved that contribute to attaining the 
overall mission. In addition, detailed 
specific objectives are determined that 
may include time, budgeting and perfor- 
mance criteria for each goal. 

Mission 

The mission and goals for the College 
as defined 4 years ago were as follows: 
The mission of the American College of 
Cardiology is to ensure optimal care for 
persons with cardiovascular disease or 
the potential for developing cardiovas- 
cular disease and, ultimately, through 
appropriate educational and socioeco- 
nomic activities to contribute significantly 
to the prevention of cardiovascular dis- 
ease. 

Goals 

1. Plan and conduct a comprehensive 
program of high quality continuing edu- 
cation related to the learning needs of 
professionals responsible for cardiovas- 
cular health care. 

2. Develop and utilize methods for 
teaching, learning and evaluation which 
will optimize the efficacy and utilization 
of College educational programs. 

3. Take an active role, in cooperation 
with appropriate organizations or agen- 
cies, in establishing standards for quality 
cardiovascular health care delivery and 
the review mechanisms necessary for 
periodic updating. 

4. Encourage and support mechanisms 
for review of training programs for pro- 
fessionals responsible for cardiovascular 
health care. 

5. Develop effective liaison with all 
organizations that certify or recertify 
professionals responsible for cardiovas- 
cular health care. 

6. Function as a principal source of 
advice to government at all levels con- 


cerning cardiovascular health care de- 
livery. 

7. Maintain a high level of social con- 
sciousness, concern for and involvement 
with the socioeconomic aspects of car- 
diovascular health care delivery in the 
interest of providers, consumers and the 
public in general. 

8. Maintain an organizational structure 
of the College as a professional society 
which will enable it to pursue the defined 
goals. 

Objectives 

Each of the eight goals has from one to 
eight specific objectives. Our task force 
in 1976 selected the following objectives 
for Goal 1 since continuing education is 
our main endeavor: 

Objective 1: Determine the educational 
needs of those for whom programs are to 
be provided and develop educational 
programs which meet these needs to in- 
clude consideration of factors such as 
number of programs needed, geographic 
accessibility and variety in educational 
methods. 

Objective 2: Characterize the content 
of cardiovascular instructional curricula 
in terms of relevance and importance to 
various learner groups and determine the 
extent of professional consensus re- 
garding various items in such curricula. 

Objective 3: Develop mechanisms for 
identifying and expeditiously transferring 
new knowledge proved applicable in 
clinical cardiology to professionals in- 
volved in treatment and prevention of 
cardiovascular disease. 

Objective 4: Establish liaison with other 
organizations concerned with the con- 
tinuing education of cardiovascular health 
professionals in order to ensure efficient 
use of resources, meet the educational 
needs of all those caring for the cardiac 
patient, minimize overlapping educational 
efforts and establish joint ventures where 
desirable. 

Objective 5: Develop self assessment 
and self instruction programs for various 
learner groups that could lead to certifi- 
cation for continuing medical education 
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(CME) credit where appropriate. 

Objective 6: Develop individualized 
programs to aid professionals in assess- 
ing their educational needs and provide 
educational resources to satisfy their 
needs that could lead to certification for 
CME credit where appropriate. 


Objective 7: Support and improve ex- 


isting programs of the College in con- 
tinuing medical education, including cer- 
tification for CME credit where appro- 
priate. 

Objective 8: Explore the role of the 
College in education at the local and re- 
gional level through its Board of Gover- 
nors.- 7. 

Membership Survey 

A review of these objectives indicates 
that we are doing well with certain ob- 
jectives and accomplishing little or noth- 
ing with others. At the last meeting of the 
Long Range Planning Committee, early in 
1980, each of the goals and objectives 
was reviewed. Attention was given to 
goals and objectives considered espe- 
cially worthwhile that were not receiving 
adequate programming at present. It is 
recognized that new programs require 
staff and funding, and consequently se- 


30th ANNUAL SCIENTIFIC SESSION 


lection of new programs must be made on 
a priority basis. Because goals and ob- 
jectives of professiona! organizations 
change with time; because 4 years have 
passed since the goals and objectives 
were formulated; and because we are 
now in a period of increasing economic 
constrictions, associated with burgeoning 
and increasingly expensive and compet- 
itive educational programs, it seems ap- 
propriate to consider a survey of our 
members' current perceived needs. Many 
options are open but they can be consid- 
ered under four headings: (1) continuing 
the same programs; (2) developing new 
programs; (3) modifying current programs; 
(4) stopping some old programs. 
Regarding our current educational 
programs, the Ad Hoc Committee on Re- 
search in Continuing Medical Education 
has decided that its goal should be not to 
perform research on basic educational 
theory but to assess whether our delivery 
of educational programs in the 1980s 
should be the same as it was in the 1960s. 
It will involve evaluating the programs we 
already have in regard to their effective- 
ness. It might also be looking at individual 
specialty groups within our organization 


and determining the impact of the edu- 
cational programs on the practice of the 
individuals involved. The questions at the 
bottom line might be: Did the program 
increase the physician's knowledge of a 
subject? Did this alter the delivery of care 
to the patient? Was it beneficial to his or 
her health? What did it cost? Was it 
cost-effective? 

In an attempt to get a current expres- 
sion of the needs of our members an ap- 
propriate questionnaire is planned for 
mailing to a cross section of our mem- 
bers. It will be most important and helpful 
to the elected officers of the College and 
to the staff that you thoughtfully respond 
to it so that your needs can be met in an 
optimal manner. The effort will be to 
identify the College programs you think 
are being done well and appropriately, as 
well as areas of deficiency or lack of 
programs. Your response may indicate 
the need for omission, addition or modi- 
fication of our current goals and objec- 
tives. 


Robert O. Brandenburg, MD, FACC 
President 
American College of Cardiology 


AMERICAN COLLEGE OF CARDIOLOGY 


San Francisco, California, March 15-19, 1981 
Deadline for Abstracts: September 15, 1980 
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1980 COMMITTEE APPOINTMENTS 


The following physicians have been named to the College committees listed below: 


ACCEL Committee 


William Likoff, MD, Chairman 
Pennsylvania 

Walter H. Abelmann, MD 
Massachusetts 

J. Michael Criley, MD 
California 

James E. Crockett, MD 
Missouri 

Murray S. Hoffman, MD 
Colorado 

Abdulmassih S. Iskandrian, MD, ChB 
Pennsylvania 

Eldred D. Mundth, MD 
Pennsylvania 

William P. Nelson, MD 
Kansas 

Richard L. Popp, MD 
California 

Charles E. Rackley, MD 
Alabama 

David C. Schwartz, MD 
Ohio 


Allied Health Professionals 
Committee 


Arthur D. Hagan, MD, Chairman, 1981 
Utah 

Leonard G. Christie, Jr., MD, 1983 
Florida 

J. William Cox, MD, PhD, 1981 
California 

Alan Duane Forker, MD, 1981 
Nebraska 

Nelson B. Schiller, MD, 1983 
California 

Max Harry Weil, MD, 1981 
California 


Annual Scientific Session 
Program Committee 


Emilio R. Giuliani, MD, Co-Chairman, 1982 
Minnesota 

Dwight C. McGoon, MD, Co-Chairman, 1982 
Minnesota 

Robert O. Brandenburg, MD, 1981 
Minnesota 

C. Richard Conti, MD, 1981 
Florida 

Jesse E. Edwards, MD, 1981 
Minnesota 

Richard E. Kerber, MD, 1981 
lowa 

Richard P. Lewis, MD, 1981 
Ohio 

Dan G. McNamara, MD, 1981 
Texas 


Eldred D. Mundth, MD, 1981 
Pennsylvania 

Jacqueline A. Noonan, MD, 1981 
Kentucky 

Bertram Pitt, MD, 1981 
Michigan 

Charles E. Rackley, MD, 1983 
Alabama 

Richard O. Russell, Jr., MD, 1983 
Alabama 

James Scheuer, MD, 1981 
New York 

James A. Shaver, MD, 1981 
Pennsylvania 

Arnold M. Weissler, MD, 1981 
Michigan 

Gary N. Wilner, MD, (AHA Liaison Rep.), 
1981 
Illinois 


Awards Committee 


Henry D. Mcintosh, MD, Chairman, 1981 
Florida 

Mary Allen Engle, MD, 1982 
New York 

Hilliard J. Katz, MD, 1982 
California 

Charles B. Mullins, MD, 1983 
Texas 

Eldred D. Mundth, MD, 1982 
Pennsylvania 

Ralph Shabetai, MD, 1982 
California 


Bethesda Conferences Committee 


Walter H. Abelmann, MD, Chairman, 1981 
Massachusetts 
Charles R. Hatcher, Jr., MD, 1982 


Georgia 

Richard P. Lewis, MD, 1981 
Ohio 

Robert J. Luchi, MD, 1983 
Texas 


Budget, Finance and Investment 
Committee 


Charles Fisch, MD, Chairman, 1981 
Indiana 

Donald A. Dupler, MD, 1982 
Pennsylvania 

Louis Gillespie, Jr., MD, 1981 
District of Columbia 

James J. Leonard, MD, 1981 


Maryland 
Building and Grounds Committee 


Samuel M. Fox, Ill, MD, Chairman, 1981 
Maryland 


Louis Gillespie, Jr., MD, 1981 
District of Columbia 

Robert R. Montgomery, MD, 1982 
Maryland 

Jack P. Segal, MD, 1982 
Maryland 


Cardiac Pacemaker Committee 
Victor Parsonnet, MD, Chairman, 1981 


New Jersey 

Barouh Berkovits, Ing EE, 1981 
Massachusetts 

Michael Bilitch, MD, 1983 
California 

Doris J. W. Escher, MD, 1981 
New York 

Seymour Furman, MD, 1983 
New York 

William J. Mandel, MD, 1981 
California 

Dryden P. Morse, MD, 1983 
New Jersey 

G. Frank O. Tyers, MD, 1983 
British Columbia 


Cardiovascular Norms Committee 
John A. Kastor, MD, Chairman, 1982 


Pennsylvania 

Jonathan Abrams, MD, 1981 
New Mexico 

Albert N. Brest, MD, 1982 
Pennsylvania 

Stanley H. Hoffman, MD, 1982 
California 

Robert C. Schlant, MD, 1981 
Georgia 

William B. Strong, MD, 1981 
Georgia 


Cardiovascular Procedures Committee 


Anthony N. DeMaria, MD, Chairman, 1983 
California 
Arthur C. Beall, Jr., MD, 1981 


Texas 

James S. Cole, MD, 1981 
Kentucky 

Harvey Feigenbaum, MD, 1983 
Indiana 

Robert J. Hall, MD, 1981 
Texas 

Paul L. McHenry, MD, 1983 
Indiana 

Bertram Pitt, MD, 1981 
Michigan 


Pentti M. Rautarharju, MD, 1981 
Nova Scotia 

Richard O. Russell, Jr., MD, 1983 
Alabama 
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Robert G. Tancredi, MD, 1983 
Minnesota 

Herman N. Uhley, MD, 1981 
California 


Cardiovascular Surgery Committee 


James W. Kilman, MD, Chairman, 1981 
Ohio 

Stanley K. Brockman, MD, 1981 
Pennsylvania 

Mortimer J. Buckley, MD, 1983 
Massachusetts 

Robert B. Karp, MD, 1982 
Alabama 

Floyd D. Loop, MD, 1983 
Ohio 

James R. Pluth, MD, 1983 
Minnesota 

Daniel J. Ullyot, MD, 1982 
California 


Constitution and Bylaws Committee 


Richard A. Carleton, MD., Chairman, 1983 
Rhode Island 

Louis Gillespie, Jr., MD, 1982 
District of Columbia 

Marvin M. McCall, MD, 1983 
North Carolina 


Continuing Education Committee for 
Extramural Programs 


Leonard S. Dreifus, MD, Chairman, 1982 
Pennsylvania 

Bernard H. Boal, MD, ex officio, 1983 
New York 

John J. Curry, MD, 1981 


South Carolina 

James E. Dalen, MD, 1983 
Massachusetts 

Anthony N. DeMaria, MD, 1983 
California 

Nicholas P. DePasquale, MD, 1982 
New York 

Gerald F. Fletcher, MD, 1983 
Georgia 

W. Proctor Harvey, MD, 1981 
District of Columbia 

Charles B. Mullins, MD, 1981 
Texas 

R. Joe Noble, MD, 1982 
Indiana 

Victor Parsonnet, MD, 1981 
New Jersey 

Richard O. Russell, Jr., MD, 1981 
Alabama 

Bernard L. Segal, MD, 1982 
Pennsylvania 

Ralph Shabetai, MD, 1981 
California 

John A. Spittell, MD, 1983 
Minnesota 


John H. K. Vogel, MD, 1983 
California 

Sylvan Lee Weinberg, MD, 1982 
Ohio 


John F. Williams, Jr., MD, (ex officio), 1982 
Texas 


Credentials Committee 


Paul A. Ebert, MD, Chairman, 1981 
California 

David B. Carmichael, Jr., MD, 1982 
California 

Adolph M. Hutter, Jr., MD, 1982 
Massachusetts 

Paul L. McHenry, MD, 1981 
Indiana 

Jacqueline A. Noonan, MD, 1982 
Kentucky 


ECG Interpretation Committee 


Charles Fisch, MD, Chairman, 1981 
Indiana 

Henry W. Blackburn, Jr., MD. 1981 
Minnesota 

Leonard S. Dreifus, MD, 1981 


Pennsylvania 

Arthur D. Hagan, MD, 1981 
Utah 

Leo G. Horan, MD, 1981 
Kentucky 

Paul L. McHenry, MD, 1981 
Indiana 

Arthur Selzer, MD, 1981 
California 

Borys Surawicz, MD, 1981 
Kentucky 


Emergency Cardiac Care 
Committee 


Max Harry Weil, MD, Chairman, 1981 
California 

Stephen M. Ayres, MD, 1983 
Missouri 

James C. Dillon, MD, 1982 
Indiana 

Walter S. Graf, MD, 1983 
California 

Costas T. Lambrew, MD, 1983 
Maine 

Bernard Lown, MD, 1983 
Massachusetts 

Ronald S. Pennock, MD, 1981 
Pennsylvania 

Warren J. Taylor, MD, 1981 
Massachusetts 

C. Mark Vasu, MD, 1981 
Michigan 


Ethics Committee 


Henry D. Mcintosh, MD, Chairman, 1981 
Florida 

Samuel M. Fox, Ill, MD, 1981 
Maryland 

Samuel Kaplan, MD, 1983 
Ohio 

Charles E. Rackley, MD, 1981 
Alabama 

John A. Waldhausen, MD, 1983 
Pennsylvania 
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Executive Committee 


Robert O. Brandenburg, MD, Chairman, 


1982 
Minnesota 

Charles Fisch, MD, 1981 
Indiana 

Gottlieb C. Friesinger, Il, MD, 1981 
Tennessee 

Suzanne, B. Kncebel, MD, 1981 
Indiana 


Dan G. McNamara, MD, 1983 
Texas 


Borys Surawicz, MD, 1981 
Kentucky 

Walt F. Weaver, MD, 1981 
Nebraska 


Gifts, Bequests and Endowments 
Committee 


Bernard H. Boal, MD, Chairman, 1983 
New York 

Arthur C. Beall, Jr., MD, 1982 
Texas 

Louis F. Bishop, MD, 1981 
New York 

Simon Dack, MD, 1983 
New York 

Leonard S. Dreifus, MD, 1982 
Pennsylvania 

Donald A. Dupler, MD, 1983 
Pennsylvania 

Dwight E. Harker, MD, 1983 
Massachusetts 

William Likoff, MO, 1981 
Pennsylvania 

Henry D. Mcintosh, MD, 1982 
Florida 

B. L. Martz, MD, 1983 
Indiana 

Henry |. Russek, MD, 1981 
Florida 


Government Relations Committee 


Jack H. Hall, MD, Chairman, 1981 
Indiana 

Arthur C. Beall, Jr., MD, (ex officio), 1982 
Texas 

Eliot Corday, MD, 1982 
California 

Harold T. Dodge, MD, 1982 
Washington 

Louis Gillespie, Jr., MD, 1981 
District of Columbia 

Allan M. Goldman, MD, 1981 
Louisiana 

Antonio M. Gotto, Jr., MD, 1983 
Texas 

Laurence A. Grossman, MD, 1981 
Tennessee 

Marvin Moser, MD, 1983 
New York 

Charles A. Sanders, MD, 1982 
Massachusetts 

August M. Watanabe, MD, (ex officio), 1981 
indiana 


Robert E. Whalen, MD, 1982 
North Carolina 

John F. Williams, Jr., MD, 1983 
Texas 

Robert E. Windom, MD, 1982 
Florida 


Grant Review Committee 


Dan G. McNamara, MD, Chairman, 1981 
Texas 
Robert D. Conn, MD, 1981 
Kansas 
Charles Fisch, MD, 1981 
Indiana 
T. Joseph Reeves, MD, 1981 
Texas 


Heart House Acquisitions Committee 


William C. Roberts, MD, Chairman, 1981 
Maryland 

Donald A. Dupler, MD, 1982 
Pennsylvania 

Dwight E. Harken, MD, 1981 
Massachusetts 

William A. Sodeman, MD, 1981 
Ohio 


International Education Committee 


Eliot Corday, MD, Chairman, 1983 
California 

Mariano M. Alimurung, MD, 1981 
Philippines 

John J. Collins, Jr., MD, 1983 
Massachusetts 

Theodore Cooper, MD, 1983 
New York 

Simon Dack, MD, 1982 
New York 

Peter T. Kuo, MD, 1981 
New Jersey 

Charles E. Rackley, MD, 1983 
Alabama 


Learning Center Committee 
John F. Williams, Jr., MD, Chairman, 1983 
Texas 
Bernard H. Boal, MD, ex officio, 1983 
New York 
Leonard S. Dreifus, MD, 1981 
Pennsylvania 
Charles Fisch, MD, 1981 
Indiana 
Samuel Kaplan, MD, 1982 
Ohio 
Suzanne B. Knoebel, MD, 1982 
Indiana 
James A. Ronan, MD, 1982 
Maryland 
Arthur Selzer, MD, 1982 
California 


Liaison Committee on Educational 

Programs 

Borys Surawicz, MD, Chairman, 1981 
Kentucky 

Walter H. Abelmann, MD, 1981 
Massachusetts 


Eliot Corday, MD, 1983 


California 

Simon Dack, MD, 1983 
New York 

Leonard S. Dreifus, MD, 1982 
Pennsylvania 

Emilio R. Giuliani, MD, 1981 
Minnesota 

William Likoff, MD, 1981 
Pennsylvania 

John F. Williams Jr., MD, 1983 
Texas 

Library Committee 

B. L. Martz, MD, Chairman, 1981 
Indiana 

Arthur C. Beall, Jr., MD, 1982 
Texas 


Michael S. Gordon, MD, PhD, 1982 
Florida 

W. Proctor Harvey, MD, 1981 
District of Columbia 

David C. Schwartz, MD, 1982 
Ohio 


Long Range Planning Committee 


Dan G. McNamara, MD, Chairman, 1981 
Texas 

Suzanne B. Knoebel, MD, Vice Chairman, 
1981 
Indiana 

Walter H. Abelmann, MD, 1981 
Massachusetts 

Donald A. Dupler, MD, 1981 
Pennsylvania 

Paul A. Ebert, MD, 1981 
California 

Charles Fisch, MD, 1981 
Indiana 

Jack H. Hall, MD, 1981 
Indiana 

William Likoff, MD, 1981 
Pennsylvania 

Gary S. Raizes, MD, 1983 
New York 

T. Joseph Reeves, MD, 1983 
Texas 

Donald E. Saunders, MD, 1983 
South Carolina 

Borys Surawicz, MD, (ex officio), 1981 
Kentucky 

H. J. C. Swan, MD, PhD, 1981 
California 

Walt F. Weaver, MD, 1981 
Nebraska 


Medical Devices Committee 


Arthur C. Beall, Jr., MD, Chairman, 1982 
Texas 

Cesar A. Caceres, MD, 1983 
District of Columbia 

John J. Collins, Jr., MD, 1982 
Massachusetts 

Richard L. Popp, MD, 1982 
California 

Shahbudin H. Rahimtoola, MD, 1982 
Oregon 
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Herman N. Uhley, MD, 1982 
California 


Nominating Committee 


Bernadine L. Bulkley, MD, 1982 
Maryland 

Leonard S. Dreifus, MD, 1982 
Pennsylvania 

Robert S. Eliot, MD, 1982 
Nebraska 

J. O’Neal Humphries, MD, 1982 
South Carolina 

Gordon A. Logan, MD, 1981 
Washington 

Arthur Seizer, MD, 1981 
California 


Nuclear Cardiology Committee 


B. Leonard Holman, MD, Chairman, 1983 
Massachusetts 

Anthony N. DeMaria, MD, (ex officio), 1983 
California 

Stanley J. Goldsmith, MD, 1982 
New York 

Robert W. Parkey, MD, 1982 
Texas 

Bertram Pitt, MD, 1983 
Michigan 

Barry L. Zaret, MD, 1983 
Connecticut 


Pediatric Cardiology Committee 


David C. Schwartz, MD, Chairman, 1981 
Ohio 

Donald A. Girod, MD, 1981 
Indiana 

Thomas P. Graham, Jr., MD, 1983 
Tennessee 

Howard P. Gutgesell, MD, 1983 
Texas 

Amnon Rosenthal, MD, 1983 
Michigan 

Herbert D. Ruttenberg, MD, 1982 
Utah 


Preventive Cardiovascular Disease 
Committee 


Jeremiah Stamler, MD, Chairman, 1981 
Illinois 

Henry W. Blackburn, Jr., MD, 1981 
Minnesota 

Nemat O. Borhani, MD, 1981 
California 

Mary Jane Jesse, MD, 1983 
Florida 

Paul L. McHenry, MD, 1981 
Indiana 


Publications Committee 

William C. Roberts, MD, Chairman, 1983 
Maryland 

Ezra A. Amsterdam, MD, 1983 
California 

Simon Dack, MD, (ex officio), 1983 
New York 

Gottlieb C. Friesinger, Il, MD, 1981 
Tennessee 


183 


AMERICAN COLLEGE OF CARDIOLOGY NEWS 


Leonard S. Gettes, MD, 1981 
North Carolina 

Francis J. Klocke, MD, 1982 
New York 

William Likoff, MD, (ex officio), 1981 
Pennsylvania 

John F. Williams, Jr., MD, 1982 
Texas 

Young Investigators’ Awards 

Committee 

Michael V. Herman, MD, Chairman, 1982 
New York 

Mortimer J. Buckley, MD, 1981 


Massachusetts 

Robert D. Conn, MD, 1982 
Kansas 

Leonard S. Gettes, MD, 1982 
North Carolina 

Richard H. Helfant, MD, 1981 
Pennsylvania 

Ad Hoc Committee on 


Research in Continuing Medical 
Education 


Mary Jane Jesse, MD, Chairman 
Florida 

Robert O. Brandenburg, MD 
Minnesota 

Charles Fisch, MD 
Indiana 

Suzanne B. Knoebel, MD 
Indiana 

John H. Phillips, MD 
Louisiana 

Arthur Selzer, MD 
California 

Borys Surawicz, MD 
Kentucky 


COLLEGE REPRESENTATIVES TO 
OTHER ORGANIZATIONS 
American Academy of Family Physicians 


Robert S. Eliot, MD 
Nebraska 


American Association for the 
Advancement of Science 


Edward W. Hawthorne, MD 
Maryland 
American Board of Internal Medicine and 
Subspecialty Board Liaison on 
Cardiovascular Disease 


Robert O. Brandenburg, MD 
Minnesota 

Borys Surawicz, MD 
Kentucky 


American College of Physicians 


Council of Subspecialty Societies 


Leonard S. Dreifus, MD, 1981 
Pennsylvania 


American College of Surgeons 


Dwight C. McGoon, MD 
Minnesota 
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Benson R. Wilcox, MD 
North Carolina 


American Heart Association 
ACC! AHA Cardiovascular Drugs 
Committee 
August M. Watanabe, MD, Chairman 
(ACC/AHA), 1981 
Indiana 
Carlos Ayers, MD (AHA), 1981 
Virginia 
Gerald Glick, MD (ACC), 1983 
Illinois 
Russell G. McAllister, Jr., MD, (ACC), 
1982 
Kentucky 
Alan S. Nies, MD (AHA), 1981 
Colorado 
Michael R. Rosen, MD (ACC), 1982 
New York 
Roger A. Winkle, MD (AHA), 1981 
California 


Joint Officers Committee 

Robert O. Brandenburg, MD 
Minnesota 

Dan G. McNamara, MD 
Texas 

William D. Nelligan, CAE 
Maryland 

Borys Surawicz, MD 
Kentucky 


Liaison with Annual Scientific 
Program Committee 
Emilio R. Giuliani, MD 
Minnesota 


American Institute of Ultrasound in 
Medicine 


Harvey Feigenbaum, MD 
Indiana 


American Medical Association 


Commission on Emergency 
Medical Services 
Max Harry Weil, MD 
(Delegate) 
California 
Leonard A. Cobb, MD 
(Alternate Delegate) 
Washington 


Current Medical Terminology Project 


Gerald Glick, MD 
Illinois 


Interspecialty Advisory Board 


David B. Carmichael, Jr., MD 
(Representative) 
California 
William A. Sodeman, MD 
(Alternate Representative) 
Ohio 


Joint Review Committee on Education 
and Diagnostic Medical Sonography 


Arthur D. Hagan. MD 
Utah 
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Liaison Committee on Cardiopulmonary 
Resuscitation 
Stephen W. Carveth, MD 
Nebraska 
Section Council on Cardiovascular 
Disease 
David B. Carmichael, Jr., MD 
Chairman 
California 
Dan G. McNamara, MD 
Texas 
Werner E. Samson, MD 
Washington 
William A. Sodeman, MD 
Ohio 


American Registry of Pathology 


Irwin K. Kline, MD 
Pennsylvania 


Association for the Advancement of 
Medical Instrumentation 
Representative 
Robert O. Brandenburg, MD 
Minnesota 
Additional Representatives 
Suzanne B. Knoebel, MD 
Indiana 
Dan G. McNamara, MD 
Texas 
U.S. Technical Advisory Group 


Arthur C. Beall, Jr., MD 
Texas 


Food and Drug Administration 
Ad Hoc Professional Committee 


August M. Watanabe, MD 
Indiana 


Inter-Society Commission for Heart 
Disease Resources 
Samuel M. Fox, Ill, MD 
Maryland 


National Acedemy of Sciences 
Assembly of Life Sciences 


Robert O. Brandenburg, MD 


National Commission for Clinical 
Engineering Certification 


Alvin H. Freiman, MD 
New York 


National Heart, Lung, and Blood Institute 
Liaison with Institute Director 

Robert O. Brandenburg, MD 
Minnesota 

Jack H. Hall, MD 
Indiana 

Dan G. McNamara, MD 
Texas 


Borys Surawicz, MD 
Kentucky 
National High Blood Pressure Education 
Program 
Edward D. Frohlich, MD 
Louisiana 


National Society for Cardiopulmonary 
Technology 


Arthur D. Hagan, MD 
Utah 
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National Society for Medical Research Task Force on Nomenclature of 
Council Arrhythmias 
William H. Wehrmacher, MD Charles Fisch, MD 
Illinois Indiana 
World Health Organization 


Task Force on Definition and 
Classification of Cardiomyopathies 
Robert O. Brandenburg, MD 
Minnesota 





AMERICAN COLLEGE OF CARDIOLOGY 


Announces... 


AFFILIATE IN TRAINING MEMBERSHIP 


For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status as 
an Associate Fellow or regular Affiliate. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 


Advantages to the Affiliate in Training 


1. Subscription to The American Journal of Cardiology, the official journal of the 


College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited 


registration. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of 


the College. 


Those desiring an application form should write to Director, Membership Department, 
American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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YOUNG INVESTIGATORS' AWARDS COMPETITION 


ABSTRACTS 

From Winning Entries 

in 

Young Investigators’ Awards 
Competition 

29th Annual Scientific Session 
American College of Cardiology 
March 9—13, 1980 

Houston Texas 


FIRST PLACE 


CHEMICAL SYMPATHECTOMY ANU EXOGENOUS EPINEPHRINE REGU- 
LATE THE RAT MESENTERIC ARTERY ALPHA-ADRENERGIC RECEPTOR, 
W.S. Colucci, M.D., M.A. Gimbrone, Jr., M.D., and R.W. 
Alexander, M.D., F.A.C.C., Peter Bent Brigham Hospital 
and Harvard Medical School, Boston, MA 02115 


To study the role of the postsynaptic alpha-adrenergic 
receptor (PSAAR) in states of altered vascular reactivity 
to catecholamines, we characterized the PSAAR in rat mes- 
enteric artery with the radioligand (3H)-WB-4101 (WB). 

WB binding was rapid (t<2 min), readily reversible (t 
3 min), saturable, stereospecific and showed the a-adren- 
ergic potency series.  Phentolamine was 1,000-fold more 
potent than (+)propranolol. The a-1 antagonist prazosin 
was 2,800-fold more potent than the a-2 antagonist yohim- 
bine, indicating that the receptor identified was a-l. 
The number (Bmax) and dissociation constant (Kd) of PSAAR 
were determined in in vivo models of hypo-(reserpine=RES 
and 6-hydroxydopamine=60HD), and hyper-(exogenous epineph- 
rine=EPI) adrenergic states. EPI decreased Bmax, but did 
not affect Kd for WB. RES did not affect Bmax, but de- 
creased Kd for both the antagonist WB and the agonist 
(-)epinephrine as follows: (+S.D.)(N), (*ps0.001 vs. 
control) 


Bmax Kd WB Kd (-)epi 
(fmol/mg protein (nM) (uM) 
Control 99*13 (5) 0.76+0.15 (5) 3.0s0.4 (5) 
EPI 53x10* (4) 0.5720.13° (4) 





RES 96+15 (6) 0.3440.07* (6) 0.40+0.19*(6) 

RES effect was evident in one hr and maximal at 3 
days. EPI effect was evident at 12 hrs and maximal at 
48 hrs. 6-ODH caused changes similar to RES. 

The vascular PSAAR undergoes marked changes in Bmax 
and Kd in response to the level of agonist stimulation. 
Alterations in the PSAAR may contribute to the altered 
vascular sensitivity to catecholamines in various physio- 
logic and disease states. 
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SECOND PLACE 


ELECTRICAL ACTIVITY FROM THE REGION OF THE SINUS NODE IN 
CONSCIOUS DOGS. Robert J. Hariman, M.D., F.A.C.C., 
Brian F. Hoffman, M.D., Robert E. Naylor, M.D., Dept. of 
Pharmacology, Columbia University, College of Physicians 
and Surgeons, New York, N. Y. 10032 


In an attempt to understand the way the clusters of au- 
tomatic cells (CAC) in the sinus node (SN) control the 
cardiac rhythm, we studied the extracellular electrograms 
recorded from the region of the SN in conscious dogs. A 
SN electrode, containing 48 silver terminals arranged 1.5 
mm apart, was implanted over the SN, and an indifferent 
electrode implanted on the superior vena cava (SVC). 
Through terminals of the SN electrode paired with the SVC 
electrode, "unipolar" electrograms were recorded at 100 
uV/cm and with a time constant of 0.1 sec. Low amplitude 
and low frequency deflections (dV/dt æ 20 mV/sec) which 
resulted from SN electrical activity could be differen- 
tiated from the more rapid deflections due to atrial el- 
ectrical activity. Electrical activity of CAC due to 
their inherent automaticity was recognized as a slow neg- 
ative-going diastolic slope followed by a slow negative- 
going, or negative- and then positive-going,SN potential; 
impulse propagation through CAC toward the SN recording 
terminals appeared as a slow positive-going deflection 
interrupting the diastolic slope. Conduction velocity 
through the SN was calculated to be about 20 mm/sec. 
Adjacent CAC located near the sites of earliest atrial 
activation discharged asynchronously before the earliest 
atrial activity; this suggests that multiple CAC might 
initiate atrial activation. In addition to changes in 
rate and in location of the pacemaking CAC, significant 
beat-to-beat variation in the sino-atrial interval con- 
tributed to the changes in atrial rate in “sinus arrhyth- 
mia". These studies provide a better understanding of 
SN function in conscious animals. 


HONORABLE MENTION 


BASIS OF pH-INDEPENDENT INHIBITORY EFFECTS OF LACTATE ON 
4SCa MOVEMENTS AND RESPONSES TO KCI AND PROSTAGLANDIN F2a 
IN CANINE CORONARY ARTERIES. R. Kelly Hester, Ph.D., 
George B. Weiss, Ph.D., and James T. Willerson, M.D., 
F.A.C.C,Univ. Texas Hlth. Sci. Ctr. at Dallas, TX 75235. 


Under ischemic conditions, contractility of canine cor- 
onary arteries is depressed, pH is decreased and lactate 
levels are increased. To investigate whether lactate had 
a pH-independent action on contractility, inhibitory 
effects of 1.0 mM lactate on #5 Ca fluxes and tension 
elicited with either 60 mM KC] or 10 uM prostaglandin 
Fox (PGF2,) were measured at physiological pH (7.4) or 
in lactic acidosis (pH 6.9-7.0). In addition to iso- 
metric tension responses, *°Ca exchangeability and total 
^50Ca uptake and efflux, "?Ca retention at non-superficial 
stores after incubation with an isosmotic (80.8 mM) La*** 
solution at 0.59 C were measured. Pretreatment with 
lactate specifically depressed PGF5,-induced responses, 
but Ca*t*-depletion inhibited the response to KCl more 
rapidly. The rate of efflux of *°Ca from coronary ar- 
teries into a 0-Ca solution was decreased by lactate, 
which was not prevented by inhibition of *°Ca reuptake 
and rebinding by 0.05 mM EDTA. Exchangeability of *°Ca 
with nonradioactive Catt is decreased by lactate. A 
Scatchard plot of Catt uptake shows that Catt is bound 
at either high or low affinity sites. Lactate increased 
the rate of *5Ca uptake at high affinity sites but did 
not increase the equilibrated total "? Ca uptake. How- 
ever, La*** resistant Catt uptake was increased by lactate 
and decreased by PGFo,. Thus, lactate acts to increase 
"5 Ca retention at high affinity Catt binding sites 
important in stimulatory action of PGF5, (which appears 
to increase tension by mobilizing Ca** from these sites.) 
Lactate seems to specifically increase affinity for Catt 
at high affinity sites. 


HONORABLE MENTION 


Hemodynamic and Subcellular Characterization of a 
Congestive Cardiomyopathy Model 

William L. Jackson M.D., Sandra K. Clapp, M.D.. 

Lillie Frank Abercrombie Section of Pediatric Cardiology, 
Department of Pediatics, and Section of Cardiovascular 
Sciences, Department of Medicine, Baylor College of 
Medicine, Houston, Texas. 

The purpose of this study was to establish a model of con- 
gestive cardiomyopathy in acutely and chronically instru- 
mented immature animals using cobalt sulfate administra- 
tion in 6 wk. old Beagle puppies. Acute model animals 
(n=25) were assigned to control (C--normal treatment) and 
diet-cobalt (DC--low-protein, cobalt 12mg/kg/da y /IM) 
groups. After toxicity developed in DC (mean 15 days) both 
groups were instrumented to demonstrate indices of LV 
function. They received « and @ -adrenergic agonists as 
physiologic stress. The hearts were removed for mitochon- 
drial function studies. Chronic animals (n-8) were instru- 
mented similarly and allowed to recover for 10 days before 
«and (à -adrenergic stresses and saline loading were done 
as baseline. These studies were repeated weekly while 
cobalt sulfate, 10mg/kg/day, was given. The cobalt-treated 
animals demonstrated physical findings of CHF, cardiac 
dilatation, mild hypertrophy, decreased contractility, 
elevated LV filling pressure, decreased cardiac output, 
and markedly reduced myocardial compliance. The cobalt- 
treated animals were unable to sustain cardiac output at 
rest and used an altered Frank-Starling mechanism in 
response to pressure or volume stresses because of both 
decreased contractility and decreased compliance. In addi- 
tion, significant impairment in mitochondrial function was 
found in myopathic animals which suggests a specific de- 
fect in pyruvate dehydrogenase as a major (but not exclu- 
sive) cause of the abnormality. Significantly decreased 
mitochondrial Ca**t-uptake function in the cardio- myo- 
pathic animal mitochondria was also demonstrated. A model 
of congestive cardiomyopathy in the developing animal has 
been created by treatment with cobalt sulfate. The char- 
acteristics of the model are similar to that seen in 
infants and children. The model itself is important in 
characterizing cardiomyopathy and further will offer an 
improved method for studying therapeutic alternatives. 
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HONORABLE MENTION 


RELATIONSHIP OF ISCHEMIC CONTRACTURE TO HIGH ENERGY 
PHOSPHATE CONTENT AND MITOCHONDRIAL FUNCTION IN HYPER- 


TROPHIED MYOCARDIUM 

James D. Sink, MD, William D. Currie, Ph.D., Ronald C. 
Hill, MD, Craig O. Olsen, MD, Robert N. Jones, MD, 
Andrew S. Wechsler, MD, Duke and VA Medical Centers, 
Durham, North Carolina 

Hypertrophied (H) myocardium appears more susceptible to 
ischemic injury, however, the biochemical response of H 
hearts to ischemia has not been fully elucidated. ATP, 
and CP (umoles/gm dry weight) and mitochondrial function 
(respiratory control index, RCI), were determined in 75 
normal (N) and 63 H isolated rat hearts following 15 
minutes of Langendorf perfusion (control), at initiation 
of ischemic contracture, and at completion of contracture. 
Duration of ischemia prior to occurrence of these events 
was noted. H, produced by banding the ascending aorta 
was confirmed by left ventricular (mg)/body weight (gm) 
ratio (N 1.92 wet, 0.43 dry; H 2.69 wet, 0.59 dry). 
Results are below (*p<0.05 for N vs H): 


RCI ATP CP Ischemia 
6.6*0.4 29.2*1.1 33.9*2.4 (min) 

Control +, 8.150.5*  20.341.3*  28.3+2.4% 
xed aa 5320.3 14. 3+1.0 6.3*0.4 10.1+0.7 
tion 7.1+0. 8% 12.0+0.5* 2.4+0.1* 6.7+0.5* 
Comple- N 3.4*0.2 4.6+0.7 522035 19.9+0.7 
tion H  5.7£0.3* 2.0+0.2* 2.4+0.1* 23.1*1.0* 
H hearts had accelerated initiation of contracture. Our 


study suggests that the increased susceptibility of H 
myocardium to contracture may result from the lower ATP 


stores present at onset of ischemia. 


The imbalance in 


ATP anerobic production and utilization present during 
the first moments of ischemia due to continued 
contractile activity may also be greater in the H heart 
resulting in a more precipitous decline in already 
decreased energy stores and a more rapid onset of 


contracture, 





The American College of Cardiology's Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 


For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 


cation. 





JULY THROUGH DECEMBER 1980 





Month/Dates Program Director 

July 14-16 Arthur D. Hagan, MD 

July 24-26 Victor F. Froelicher, Jr., MD 
and 
Paul L. McHenry, MD 

Sept. 15-16 Douglas P. Zipes, MD 

Sept. 22-24 Sylvan Lee Weinberg, MD 


Sept. 29, 30, Oct. 1 


Max Harry Weil, MD 


Oct. 8-10 William W. Parmley, MD 
Oct. 15-17 Arthur D. Hagan 

Oct. 20-21 Joseph K. Perloff, MD 
Oct. 29-31 Robert S. Eliot, MD 


Title of Program 


Fundamentals of Clinical Echocardiography for the Non-Echocardiographer 


Exercise Testing 


Pacing Frontiers: Physiological Pacing and Arrhythmia Control 

CCU Update for Nursing Supervisors 

Emergency Care of the Critically Ill Patient 

Noninvasive Techniques: Sensitivity and Specificity 

Update in Cardiovascular Techniques and Principles for the Technologist 
Functional Anatomy of Heart Disease: Clinician and Pathologist 


Behavioral Methods for Clinical Cardiologists 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the cheice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 


To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

AUG. Tutorials in the Tetons: Cardiac Emer- 

23-25 gencies—New Diagnostic and Thera- 
peutic Advances (Sixth Annual). Robert 
S. Eliot, FACC, director and Alan D. 
Forker, FACC and Gerald L. Wolf, co- 
directors. Jackson Lake Lodge, Moran, 
WY 

SEPT. Advanced Echocardiography. Harvey 

15-17 Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Randall L. Caldwell, FACC, co-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 

SEPT. Mechanisms and Therapy of Cardiac 

29- Arrhythmias. Leonard S. Dreifus, FACC 

OCT. and Yoshio Watanabe, FACC, co-di- 

2 rectors. Philadelphia Marriott Motor 
Hotel, Philadelphia, PA 

OCT. Can the Natural History of Coronary 

3-5 Artery Disease Be Altered? Recent 


Progress and Future Directions in 
Medical and Surgical Therapy. Richard 
R. Miller, FACC, director and Michael E. 


DeBakey, FACC and Antonio M. Gotto, 
Jr., FACC, co-diractors. Galleria Plaza, 


Houston, TX 
OCT. Electrocardiography: Core Curriculum 
6-9 and Self-Assessment. Paul L. McHenry, 


FACC, director and Charles Fisch, 
FACC, co-director. Indianapolis Hilton 
Downtown, Indianapolis, IN 


OCT. New Techniques and Concepts in 

23-25 Cardiology. Coronary Artery Disease: 
Vasodilators, Calcium Antagonists, 
Balloon Dilatation, Non-invasive Di- 
agnosis; Valvular Heart Disease; Hy- 
pertrophic Cardiomyopathy. Stephen 
E. Epstein, FACC, director. Hyatt Re- 
gency Hotel, Washington, DC 


OCT. Clinical Decisions in Cardiac Surgery. 
23-25 Stanley K. Brockman, FACC, Albert N. 
Brest, FACC and William S. Frankl, 
FACC, directors. Fairmont Hotel, Phila- 


delphia, PA 
OCT. Fourth Annual Seminar. Cardiology 
30- Update 1980. William W. Parmley, 
NOV. FACC, director. Del Monte Hyatt House, 
1 Monterey, CA 
NOV. Cardiac Pacing. Doris J. W. Escher, 
5-7 FACC and Seymour Furman, FACC, di- 
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rectors. The New York Hilton, New York, 


NY 
NOV. Advances in Heart Disease 1981. Dean 
29- T. Mason, FACC, director. Fairmont 
DEC. Hotel, San Francisco, CA 


DEC. Two-Dimensional Echocardiography 

4-6 vs. Cardiac Nuclear Imaging. Joel 
Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg, VA 


DEC. Cardiovascular Disease: Achievements 

12-14 and Challenges 1980. Henry |. Russek, 
FACC, director, Sheraton Centre, New 
York, NY 





When you buy from 
Physio-Control, 
you get more than 
just a machine. 


You get people. Committed 
people. You get the largest and 
most responsive service organi- 
zation in the industry. The best 
trained. The most dedicated. 
Factory-direct and nationwide. 

Its no accident either 

At Physio-Control, we pride 
Ourselves on producing the most 
advanced acute cardiac care 
systems in the world. But excel- 
lence of product isn't enough. 

A life-saving system must have 
service to match. 

You stand behind your 
work. SO do we. 





Only | 
makes the Lifepak? | 





Physio-Control Corporation is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 
(206) 883-1181/Telex: 32-0166 Cable: PHYSIO/RED Lifepak and Physio-Control are registered trademarks 


For Short-Term 
Support in Patients with 
utout Cardiac Failure 
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Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 75 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 


Dobutrex: 


Dobutamine HCI 


For I.V. Injection 
250 mg: in 20-ml-size vials 


* Equivalent to aoDburcmine 






drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drag DIM Vedi eee E 
Rate 250 mcg/mi* 500 meg/mit 1000 mcg/mit 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
125 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
$1000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been odministered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 
S e, the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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Update on Oval Anticoagulation 





IREATING MYOCARDIAL 
INFARCTION AND REDUCING 
THE THREAT OF 
THROMBOEMBOLISM 


Ea year in this country approximately one million 
people suffer acute myocardial infarctions. Rapid 
emergency treatment in coronary care units has been 
credited with reducing by up to one third the mortal- 
ity among patients hospitalized with acute attacks. ! 


Thrombosis—incidence in myocardial infarction 
Following the damage to the heart itself, throm- 
boembolism is perhaps the most serious sequel to 
myocardial infarction. 

A study has demonstrated that there is a 39% 
incidence of calf vein thrombosis during the acute 
phase of myocardial infarction. ! 


Speed saves lives It has been reported that more 
than half the thrombi destined to occur in the calf 
veins form within 72 hours of myocardial infarction, 
and three-fourths form within the first week. There- 
fore, a number of investigators have recommended 
that antithrombotic measures should begin upon 
admission to the hospital and be effective almost 
immediately. 2 

Oral anticoagulants have a clinical value It has 
also been stated that the use of anticoagulants may 
reduce the frequency of calf vein thrombosis from 22 
to 6.5%. The use of anticoagulants is subject to 
differing opinions regarding improved survival. A 
number of authorities recommend the use of antico- 
agulants in al! patients who have no specific con- 
traindications during the period of hospitalization. ! 


Scanning electron micrograph of ‘Red’ thrombus, formed by 
erythrocytes entrapped in fibrin strands. 
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One team of investigators in M.I. recommends | 
viding full-dose warfarin while the patient is in t 
hospital and for several days afterward— 

if the patient has had prior infarcts or 

thromboembolism 

if the area of infarction is large 

if complications (such as CHF or hypotensk 

require prolonged bed rest. 

But, if post myocardial infarction syndrome 
(Dresslers syndrome) develops, anticoagulants 
should be discontinued, as pericardial hemorrha; 
even cardiac tamponade may develop. ! 


Objectives and benefits of anticoagulation ' 
use of anticoagulants in the acute phase of myoc: 
dial infarction has these potential advantages:? 
prevention of deep vein thrombosis 
reduction of embolization from cardiac mura 
thrombi 
prophylaxis against extension of myocardial 
necrosis or long-term recurrence of 
infarction 
reduction of overall mortality 
If anticoagulants can inhibit the formation of 
deep vein thrombi, then the incidence of pulmon: 
embolism might be diminished—and pulmonary « 
lism has been estimated as a threat to life in 5,00 
of the 500,000 myocardial infarction patients who 
are admitted to hospitals in this country each ye: 


A look at survival One retrospective 
study of the use of anticoagulants in M. 
evaluated the survival of 1,307 patients 
from 20 hospitals in a large metropolitar 
community. The diagnosis of M.I. was 
based on predefined criteria, which inch 
typical chest pain, serial ECG's, enzyme 
elevations, and autopsy findings. 

Among anticoagulated patients, the 
adjusted in-hospital case-fatality rate wa 
18%. For patients who did not receive t 
treatment, the fatality rate was 31%. Fo 
survivors followed for as long as ten yea 
patients who had been anticoagulated st 
fared better than those not so treated. 3 

The authors of this study recognize 


the drawbacks of using retrospective evidence and 
call for the formation of a multi-center, double-blind, 
randomized study on the use of anticoagulants in 
acute myocardial infarction. 


Screening the high risk group The risk of DVT 
(deep vein thrombosis) is particularly great among 
certain patient groups: 

patients with left ventricular failure 

patients in shock 

patients with arrhythmias 

older patients 

obese patients 

patients with varicose veins 

patients with previous myocardial infarction or 

thromboembolism 


Screening techniques Diagnosis of DVT by physi- 
cal examination may miss a significant number of 
clinically silent thrombi. There are, however, addi- 
tional technological tools to help the clinician define 
more accurately the incidence of deep vein thrombo- 
sis. Among these are: 

iodine-125 fibrinogen scanning—radioac- 
tively tagged fibrinogen is incorporated into actively 
forming thrombi and is detected on external sensors. 
This method is accu- 
rate for popliteal and 
calf vein thrombi, but 
not for iliofemoral 
thrombi. 2 

venography— 
radiographic evidence 
of DVT is seen as a 
constant filling defect 
in venous projections, 
abrupt termination of 
a column of contrast material at a constant site, non- 
filling of the deep veins, and presence of flow in col- 
lateral veins. 4 

ultrasound—Doppler ultrasound scanning can 
provide a fast, convenient, inexpensive reading of 
deep venous obstruction. This technique is poten- 
tially the most versatile and accurate method avail- 
able. However, it demands considerable operator 
experience to insure maximal accuracy.® 

impedance plethysmography—this tech- 
nique results from the observation that blood volume 
changes in the calf produced by inflation or deflation 
of a thigh cuff produce variations in electrical resist- 
ance (impedance). Such changes are reduced in 
patients with thrombosis of the popliteal or more 
proximal veins. 4 
Patient compliance through education Providing 
the anticoagulated patient with information about 
his altered physical state and motivating him to com- 
ply with the therapeutic regimen constitute one of 
the most important aspects of health care. 6 

To determine the best way of imparting neces- 





Phlebogram showing occlusion 
in deep vein of the upper calf. 


sary information about anticoagulation to patients, a 
test was devised. One group of patients was given a 
brochure detailing the need for the medication and 
the importance of following the doctor's instructions. 
A second group of patients was given a programmed 
instruction booklet which was quite comprehensive in 
its teaching content, which included the action of 
warfarin, the purpose of prothrombin times, how to 
figure dosage from tablet strengths, possible compli- 
cations and steps to take to control them. 

When tested for learning and retention, the 
patients in the programmed instruction group scored 
significantly higher than the group given brochures 
only. In an area of medicine that relies so heavily 
on patient compliance, this report could be important 
in determining how medical information is communi- 
cated to the patient. 5 


The bottom line A postmortem study? underlines 
the importance of thrombosis in myocardial infarc- 
tion. In this study of 173 patients with recurrent 
myocardial infarction, coronary occlusion due to 
thrombosis occurred in 54% of cases. Recent occlu- 
sive coronary thrombosis was 4 times less frequent 
in patients who received adequate anticoagulation 
(mean prothrombin level was 29 + 5%). | 
And as one authority states: 

“Rational use of anticoagulant therapy in the 
setting of acute myocardial infarction may 
save more than 8,000 lives a year in this 
country. Full advantage should be taken of 
this therapeutic opportunity:'? 

This message is sponsored by Endo Laboratories, 
as an educational service. 
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Perhaps never before has there been a pacing system 
so responsive to your needs. 


With six programmable parameters (including am- 
plitude as high as 10 V) and the Vario® function, the 
versatile 668 generator offers more than 30,000 op- 
erating combinations. 


The exclusive Vario function permits easy determi- 
nation of stimulation threshold—a check readily per- 
formed by support staff as part of standard routine. 


The Type 29 low-threshold, vitreous-carbon lead tip 
promises extended generator service life and an end 
to complications such as exit block and sensing diffi- 


THE COMPLETE MULTIPURPOSE 





PACING SYSTEM 





THE MULTIPROGRAMMABLE PULSE GENERATOR 668. 
FROM SIEMENS-ELEMA—THE PEOPLE WHO PIONEERED 
THE FIRST IMPLANTABLE PACEMAKER IN 1958. 
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Programming 
unit for 668 gen- 
erator features 
simple and 
straightforward 
operation, can 
also be used as 
pulse generator 
test magnet. 





Plot of Vario func- 
tion displays battery 
test cycle initiated 
by test magnet fol- 
lowed by Vario cycle 


for threshold check. 1 9 10 1i 
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culties often associated with conventional electrode 
materials. 


All this, coupled with Siemens-Elema's superb record 
of reliability, suggests that the 668 pulse generator 
used with the Type 29 carbon-tip lead truly defines the 
state of the art. 


Please write for specifications and clinical data. 


SIEMENS-ELEMA 


Siemens-Elema Pacemaker Systems, Div. of Elema-Schonander, Inc. 
1600 Jarvis Avenue, EIk Grove Village, IL 60007; (312) 981-4910 
World Headquarters, Pacemaker Division, S-171 95 Solna, Sweden 
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Diagnostic 
ynergy 


Real-time plus M-mode in hard copy. 











Made possible by unique digital electronics. Making our Mark III an integrated 
ae diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
i the ATL Digital Scan Converter captures the signal, however weak, and stores 
Y  itinto memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
Structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 
| Doctor and system interact. Segments of the study may be dealt with and 
mJ perfected without disturbing the whole. Adequate data is obtainable during the first 

patient examination, saving valuable time. Serial studies are assured consistent data. 
Graphics or alphanumerics can be super-imposed. Unique with the Mark III, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 
from within. State-of-the-need today, the system will grow with your needs 


and new technology. It's what the world is coming to. And, more and a É 


more, the world is coming to ATL for advanced instrumentation. 
WA. 98005 (206) 641-5410. ultrasound 








Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 
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INDERAL 





(PROPRANOLOL HCI) 
BETTER SOONER THAN LATER 


ALONE Excessive exer- 


tions. Emotional upheavals. 
Anxieties. Stress. Catechol- 
amines rise—atrial pace- 
makers overrespond. 

And the ECG reads PAT. Or 
persistent sinus tachycardia. 
Or persistent atrial extra- 
systoles. Consider INDERAL 
(propranolol HCI) alone. 
When conventional measures 
fail, a low 10 to 30 mg dose, 
given t.i.d. or q.i.d., will block 
cardiac beta-receptors from 
excessive catecholamine 
stimulation. Suppress ectopic 
pacemakers. And permit 
resumption of normal sinus 
rhythm. Even when normal 
sinus rhythm has not been 
restored, INDERAL slows con- 
duction in the AV node and 
prolongs its refractory time. 
Slowed AV conduction will 
often block reentry circuits, to 
help restore sinus rhythm. 


WITH The ECG reads 


atrial flutter. Or atrial fibrilla- 
tion. You have digitalized 
your patient, but the arrhyth- 
mia is not yet controlled. 
Consider adding INDERAL 
(propranolol HCI). Combined 
with digitalis, it obviates in- 
creasing digitalis dosage to 
toxic levels—while slowing 
the ventricular rate sufficiently 
to achieve control. INDERAL 
also complements the action 
of other agents. Combined 
with quinidine, it allows lower 
doses of quinidine—reducing 
the need for toxic levels. And 
often, with INDERAL added, 
atrial arrhythmias respond 
when no single agent works 
alone. 





INSTEAD the arrhyth- 


mia is induced by an anti- 
arrhythmic drug such as 
digitalis or quinidine. Persists 
after discontinuance of 

the drug and correction of 
electrolyte imbalance. Con- 
sider INDERAL instead. Often 
the drug of choice, except 
in the presence of serious 
congestive heart failure. 
Offen, too, INDERAL (propran- 
olol HCI) abolishes supra- 
ventricular arrhythmias when 
either digitalis or quinidine 
has failed. 


With proper patient 
selection—in the absence 
of contraindications such as 
bradycardia, greater than 
first degree heart block, 
asthma, and congestive 
heart failure unless failure is 
secondary to tachyarrhyth- 
mias treatable with INDERAL— 
serious cardiovascular and 
respiratory side effects are 
seldom encountered? 
Rely on it: INDERAL. Alone. With. 
Or Instead. 


"Please turn the page for brief summary of 


prescribing information on contraindications, 
adverse reactions, and warnings, including 
avoidance of abrupt withdrawal. 


A PRIME CONSIDERATION FOR SUPRAVENTRICULAR ARRHYTHMIAS 
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(PROPRANOLOL HCI) 


10mg and 20mg tablets 


Ayerst. 


BRIEF SUMMARY axe ANS AE | 
FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 

Anderal* BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 

| JRE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 

HOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ONENE Yo RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 








ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug, possessing no other 

autonomic nervous system activity. It specifically competes with beta-adrenergic receptor 

stimulating agents for available beta receptor sites. When access to beta receptor sites is 

blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to beta- 
adrenergic stimulation are decreased proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract, but a portion iS im- 
meciately bound by the liver. Peak effect occurs in one to one and one-half hours. The biologic 
half-life is approximately two to three hours. Propranolo! is not significantly dialyzable. There is 
no simple correlation between dose or plasma level and therapeutic effect, and the dose- 
sensitivity range as observed in clinical practice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. Since there is no reliable test to estimate 
sympathetic tone or to determine whether total beta blockade has been achieved, proper dos- 
age requires titration. 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes. sympathetic activity is excessive or inappropriate and detrimenta! to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 

i Vii bac aep hearts, adequate ventricular function is maintained Y virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchia! constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to dedi: somyhl 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolol exerts its antiarrhythmic effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its principal antiarrhythmic mechanism of action 
The membrane effect also plays a role, particularly, some authorities believe, in digitalis- 
induced arrhythmias. 

Beta-adrenergic blockade is of unique importance in the management of arrhythmias due to 
increased levels of circulating catecholamines or enhanced sensitivity of the heart to catechol- 


^ . amines (arrhythmias associated with pheochromocytorna. thyrotoxicosis, exercise). 


In dosages greater than required for beta blockade, INDERAL also exerts a quinidine-like or 
anesthetic-like membrane action which affects the cardiac action potential and depresses car- 
diac function. 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the ve- 

. locity and extent of myocardial contraction. On the other hand, propranolol may increase oxy- 
gen requirements by increasing left ventricular fiber length, end diastolic pressure, and systolic 


^ ejection period. 


Ifthe net physiologic effect of beta-adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 

n requirement. 
INDICATIONS: Cardiac Arrhythmias: ! ) Supraventricular arrhythmias: a) Paroxysmal atrial 
tachycardias, particularly those arrhythmias induced by catecholamines or digitalis or asso- 
ciated with the Wolff-Parkinson-White syndrome. (See W-P-W under WARNINGS.) b) Persistent 
sinus tachycardia which is noncompensatory and impairs the well-being of the patient. 
C) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress or increased 
hazard and when immediate effect is necessary as adjunctive, short term (2-4 weeks) ree 
May be used with, but not in place of, specific therapy. (See Thyrotoxicosis under WARNINGS. ) 
d) Persistent atrial extrasystoles which impair the well-being of the patient and do not respond 
to conventional measures. e) Atrial flutter and fibrillation when ventricular rate cannot be con- 
trolied by digitalis alone, or when digitalis is contraindicated. 
2.) Ventncular tachycardias: Ventricular arrhythmias do not respond to propranolol as predict- 
ably as do the supraventricular arrhythmias. a) Ventricular py cepere With the exception of 
those induced by catecholamines or digitalis, INDERAL is not the drug of first choice. In critical 
situations when cardioversion technics or other drugs are not indicated or are not effective, 
INDERAL may be considered. If. after consideration of the risks involved, INDERAL is used, it 
should be given intravenously in low dosage and very slowly. (See DOSAGE AND ADMINIS- 
TRATION ) Care in the administration of INDERAL with constant electrocardiographic moni- 
toring is:essential as the failing heart requires some sympathetic drive for maintenance of 


myocardial tone. b) Persistent premature ventricular extrasystoles which do not respond to con- 


ventional measures and impair the well-being of the patient. 
3.) Tachyarrhythmias of digitalis intoxication f digitalis-induced tachyarrhythmias persist fol- 
lowing discontinuance of digitalis and correction of electrolyte abnormalities, they are usuall 
- reversible with oral INDERAL. Severe bradycardia may occur. (See OVERDOSAGE OR EXAG- 
GERATED RESPONSE.) 

intravenous propranolol hydrochloride is reserved for IE ey arrhythmias. Temporary 
maintenance with oral therapy may be indicated. (See DOSAGE AND DMINISTRATION.) 
4.) Resistant tachyarrhythmias due to excessive catecholamine action during anesthesia. 
Tachyarrnythmias due to excessive catecholamine action during anesthesia may sometimes 
arise because of release of endogenous catecholamines or administration of catecholamines 
When usual measures fai! in such arrhythmias, INDERAL may be given intravenously to abolish 
them. Ail general inhalation anesthetics produce some degree of myocardial depression. 
Therefore. when INDERAL is used to treat arrhythmias during anesthesia, it should be used with 
extreme caution and constant ECG and central venous pressure monitoring. (See WARNINGS.) 

hic Subaortic Stenosis: INDERAL is useful in the management of hypertrophic sub- 

aortic stenosis, especially for treatment of exertional or other stress-induced angina. palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effectiveness of 
INDERAL in this disease appears to be due to a reduction of the elevated outflow pressure gra- 
dient which is exacerbated by beta receptor stimulation. Clinical improvement may be tempo- 


rary. 

Pheochr ma: After primary treatment with an alpha-adrenergic blocking agent has 
been instituted. INDERAL may be useful as adjunctive therapy if the control of tachycardia be- 
comes necessary before or during surgery. 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in use, 
since this would predispose to serious blood pressure elevation. Blocking only the peripheral 
dilator (beta) action of epinephrine leaves its constrictor (alpha) action unopposed. 

in the event of hemorrhage or shock, there is a disadvantage in having both beta and alpha 
blockade since the combination prevents the increase in neart rate and peripheral vasocon- 
striction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an adjunct to 
the management of symptoms due to excessive beta receptor stimulation. 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than first degree block; 4) cardio- 
genic shock; 5) right ventricular failure secondary to pulmonary hypertension; 6) congestive 
heart failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL, 7) in patients on adrerrgo-augmerting psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal period from such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
circulatory function in congestive heart failure, and inhibition with beta-blockade always carries 
the potential hazard of further depressing myocardial contractility and precipitating cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERALs 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 


conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can. in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be fully digitalized and/or given a diuretio, and the re- 
sponse observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn, b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
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followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angna and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In adc:tion, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs. it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since caronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
nat been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranciol may mask the clinical signs of develop- 
ing or continuing hyperthyraidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be foliowed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolo! does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME. several cases have been re- 
ported in which, after propranolol. the tachycardia wes replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose c? 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for main- 
tenance of adequate cardiac function, beta blockade will impair the desired inotropic effect. 
Therefore, INDERAL should be titrated carefully when administered for arrhythmias occurring 
during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy- 
siologic effects are gone according to available evidence. However, in case of emergency sur- 
gery, since INDERAL is a competitive inhibitor of betareceptor agonists, its effects can be re- 
versed by administration of such agents. e g.. isoproterenol or levarterenol. However, such pa- 
tients may be subject to protracted severe hypotension. Difficulty in restarting and maintaining 
the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL shouldibe administered with caution since it may block bronchodila- 
tion produced by endogencus and exogenous catecnolamine stimulation ofibeta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blooc pressure. 

USE IN PREGNANCY: The safe use of INDERAL in numan pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
nm risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 

ryotoxic effects have been seen in animal studies atdoses about 10 t mes tne maximum rec- 
ommended human dose. 
PRECAUTIONS: Patients receiving catecholamine Gepleting drugs such as reserpine should 
be closely observed if INDERAL :s administered. The added catecholamine blocking action of 
this drug may then produce an excessive reduction cfthe resting sympathetic nervous activity. 
Occasionally, the pharmacclogic activity of INDERAL may produce hypotension and/or markec 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired rena 
or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure; intensification 
ot AV block; hypotension, paresthesia of hands, artenal insufficiency, usually of the Raynaud 
type; thrombocytopenic purpura 

Central Nervous System: lightheadedness, mental depression man:festec by insomnia, lass 
tude, weakness. fatigue; reversible mental depression progressing to catatenia, visual distur- 
bances: hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis. nonthrombocytopenic purpura. thromboc ytopenic purpura 

Miscellaneous: reversible alopecia. Cculomucocutaneous reactions invowing the skin, se- 
rous membranes and conjunctivae reported for a beta blocker (practolol) have not been con- 
ciusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart di: 
ease. elevated serum transaminase, alkaline phosphatase. lactate dehydrogenase. 

DOSAGE AND ADMINISTRATION: The dosage range for INDERAL ís different for each 
indication. 
ORAL 

ARRHYTHMIAS — 10-30 mg three or four times dairy. before meals and at Dedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-4C mg three or four times daily, before meals 
and at bedtime. 

PHEOCHROMOCYTOMA — Preoperatively — 60 mg daily in divided doses for three days pri 
to surgery, concomitantly with an alpha-adrenergic blocking agent. - -Management of inopera- 
ble tumor — 30 mg m in divided doses. 

PEDIATRIC DOSAGE At this time the data on the use of the drug in this age group are too lin 
ited to permit adequate directions for use 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg adminis: ered under carefu 
monitoring, e.g. electrocardiographic, central venous pressure The rate of administration 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowerng blood pressure 
and causing cardiac standstill. Sufficient time should be allowed for the drug to reach the site: 
action even when a slow circulation is present. If necessary. a second dosemay be gren after 
two minutes. Thereafter, additional drug should not be given in less than four hours. dditional 
INDERAL should not be given when the desired alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 

The intravenous administration of INDERAL has not been evaluated adequately in the man- 
agement of nypertensive emergencies. 

OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT CF OVERDOSAGE OR 
EXAGGERATED RESPONSE, THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 ma) IF THERE IS NO RESPONSE TC 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY, 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS. 

HYPOTENSION-— VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS EN 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHCICE.) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE. 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) 

TABLETS: No. 461 — Each scored tablet contains 10 mg of propranolol hydrochloride, in bottle 
cf 100 and 1 000. Also in urit dose package of 100. No. 462 — Each scored tablet contains 

20 mg of propranolol hydrochloride, in bottles of 100 and 1,000. Also n unit dose package of 
100. No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
*00 and 1.000. Also in unit dose package of 100. No. 468 — Each scored tablet contains 80 mg 
of propranolol hydrochloride, intbotties of 100 and 1,900. Also in unit cose package of 100 
INJEC TABLE: No. 3265 — Each ml contains 1 mg of propranolol hydrochloride in Water for Inje 
tion. The pH is adjusted with citric acid. Supplied as 1 ml ampuls in boxes of 10. 


AYERST LABORATORIES 
New York, N.Y 10017 6944/1 






















While the etiology of atherosclerosis 
and coronary heart disease involves 
many factors...“Cholesterol seems to 
bethe thread running through the web 
of cireumstances culminating in a clini- 
cal atherosclerotic event.” 

A diet that includes Puritan Oil has 
been clinically proven effective in re- 
ducing serum cholesterol. 


Puritan Oil-superior in 
polyunsaturates to corn oil 


Puritan Oil is made principally from 
highly polyunsaturated sunflower oil. 
Puritan provides polyunsaturate levels 
superior to those of corn oil, the pre- 





a proven ingredient 
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of cholesterol management 


M — 


vious standard in a cholesterol-man- 
agement diet. 

Unsurpassed culinary appeal helps en- 
courage patient compliance 

Light taste and unsurpassed culinary 
performance encourage patient com- 
pliance in suecessful long-term dietary 
management. 


Bibliography: Diet and coronary heart disease. 
Joint policy statement of the AMA Council on Foods 
and Nutrition and the Food and Nutrition Board of 
the National Academy of Sciences-National Re- 
search Council, J. A.M.A. 222:1647, 1972. Kannel, 
W.B.: The role of cholesterol in coronary athero- 
genesis, Med. Clin. North Am. 58:363-379, 1974. 
Keys, A. et al: Serum cholesterol response to 
changes in the diet, Metabolism 14:747. 1965. 
Witschi, J.C. et al: Family cooperation and effec- 
tiveness in a cholesterol-lowering diet, J. Am. Diet. 
Assoc. 72:384-389, 1978. 








It was only logical... but it took the leader to do it. 
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TIP pr the logical solution to many of — 
al pacing your sensing proble pisi 8k Lor 
fficiency: the inner mesh representative for full details. — 
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For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


rj Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
C Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins CO., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; peroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atríal flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when rot associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV b!ock to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance, An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by % to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY / NORWALK, CT 06856 C8207 211278 
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Percutaneous Intraaortic Balloon Pumping 
Refractory Ergonovine-Induced Coronary Spasm 


Protective Effect of Calcium Flux Antagonists 
in Myocardial Ischemia 


Call for Abstracts: ACC 30th Annual Scientific Session 
San Francisco, California, March 15—19, 1981 
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Can an antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOMET CAN 


(METHYLDOPA|MSD) 








ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 


Copyright ©1979 by Merck & Co., Inc. 


Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 
(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac function 
and lowers blood pressure usually without reducing 
cardiac output. Rather, it eppears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tencs to 
increase). 


Hemodynamic Changes as Hypertension Progresses* 


Borderline Established Congestive 
hypertension hypertension heart failure 





ae Peripheral resistance 


BN] Cardiac output 


*adapted from Messerli and de Carvalho' 


This may be particularly important in hypertensives 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued. 


TABLETS: 500 mg. 250 mg, and 125 mg 








Can an antihypertensive 
be effective usually with- 
out further reducing 
renal blood flow? 


ALDOMET CAN 


(METHYLDOPA|MSD) 


Glomerular filtration rate, 
filtration fraction, and 
renal blood flow are 
usually not reduced; 
therefore, ALDOMET is 
appropriate for many 
hypertensive patients 
with significantly im- " 

paired renal function. Since the drug is largely 
excreted by the kidney, patients with impaired renal 
function may respond to smaller doses. 


Will an antihypertensive 
generally allow a normal 
cardiovascular response 
to exercise? 


ALDOMET WILL 
(METHYLDOPA|MSD) 


Cardiac output and blood pressure normally increase 
as the physical activities of the patient increase. 
ALDOMET does not significantly impair normal fluc- 
tuations of blood pressure during exercise ?? 

This can be of importance to active hypertensive 
patients — such as athletic individuals or persons 
whose work requires substantial physical effort. With 
ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the 
initial period of therapy or whenever the dose is 
increased. Headache, asthenia, or weakness may be 
noted as early and transient symptoms. 





For a brief summary of prescribing information, please see following page. 


® The most 
prescribed 
nondiuretic 
antihypertensive 
in the U.S. today 


ALDOMET 


METHYLDOPA|MSD) 


Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


(METHYLDOPA| MSD) 
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A recent study" followed a group of patients on | 
ALDOMET for ten years or more. The results suggest | 
that ALDOMET is a highly effective medication for 

the long-term management of hypertension. 


Itis important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur 
with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 
potentially fatal complications unless properly recog- 
nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979. 1 
2. Yasky J, Carosella C. Costa 0: Diagnosis ofarterial hypertension by means of graduated ergometric test, 
in Zanchetti, A (ed): Pe r E a in Worldwide Clinical Experience, West Point, Pa, Merck 
Sharp & Dohme, 1979, pp 56- 
3. Mancia G, Ferrari A, Gregorini G, et al: Effects of treatment with methyldopa on basal hemodynamics and on 
neural circulatory control, in Zanchetti, A (ed): Y bo . A Miei ahs in Worldwide Clinical 
Experience, West Point, Pa, Merck Sharp & Dohme, 1979, p 
4. Bulpitt CJ. Bulpitt PF, Clifton P, et al: Review of case eid F patients maintained on methyldopa for 10 
m or more, in Zanchetti, A (ed): ALDOMET* err in Worldwide Clinical Experience, West 
oint, Pa, Merck Sharp & Dohme, 1979, pp 164-169. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis: if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of —( anemia or liver 
disorders could lead to potenti ally fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 
With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not initself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
Atthestart of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 


of anemia should be considered. If the hemolytic: 
anemia is related to methyldopa, the drug should not 


be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an incirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood. 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum creatinine by the alkaline picrate method. and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
ltis important to recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
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, (METHYLDOPA|MSD) 


The most prescribed 
~ nondiuretic antihypertensive 
F " 1 in the U.S. today 


lar disease. Patients may require reducad doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, heacache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movemerts; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (D'scontinue methyldopa if edema 
progresses or signs of heart failure appaar.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or "black" tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatcid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or ag a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: this may be avoided by lower doses. 

How Supplied: Tablets. containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets. containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
A mg dodge “pu A dl packages of 
100 and bottles of 100 and 

For more detailed information, con- M S D 
sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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Serum K* and BUN should be checked periodically (see Warnings). 


Before prescribing, see complete prescribing infor- 
mation in SK&F Co. literature or PDR. brief 
summary follows: 


WARNING 


This drug is not indicated for initial therapy of 
edema or hypertension. Edema or hypertension 
requires therapy titrated to the individual. If 
this combination represents the dosage so 
be more convenientin 
reatment of hyperten- 


determined, its use ma 
patient management. 
sion and edema is not static, but must be 
reevaluated as conditions in each patient 
warrant. 


Contraindications: Further use in anuria, progres- 
sive renal or hepatic dysfunction, hyperkalemia. 
Pre-existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfon- 
amide-derived drugs. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly impaired. 
If supplementary potassium is needed, potassium 
tablets should not be used. Hyperkalemia can occur, 
and has been associated with cardiac irregularities. 
It is more likely in the severely ill, with urine 
volume less than one liter/day, the elderly and 
diabetics with suspected or confirmed renal insuffi- 
ciency. Periodically, serum K* levels should be 
determined. If hyperkalemia develops, substitute 





a thiazide alone, restrict K* intake. Associated 
widened QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides cross the 
placental barrier and appear in cord blood. Use in 
prey mercy requires weighing anticipated benefits 
against possible hazards, including fetal or neo- 
natal jaundice, thrombocytopenia, other adverse 
reactions seen in adults. Thiazides appear and 
triamterene may appear in breast milk. If their useis 
essential, the patient should stop nursing. Adequate 
information on use in children is not available. 


Precautions: Do periodic serum electrolyte deter- 
minations (particularly important in patients vomit- 
ing excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics 
or those with suspected or confirmed renal insuffi- 
ciency. Watch for signs of impending coma in 
severe liver disease. !f spironolactone is used 
concomitantly, determine serum K* frequently; 
both can cause K* retention and elevated serum 
K* . Two deaths have been reported with such 
concomitant therapy (in one, recommended dos- 
age was exceeded, in the other serum electrolytes 
were not properly monitored). Observe regularly 
for possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasiashave 
been reported in patients receiving triamterene, 
and leukopenia, thrombocytopenia, agranulocy- 
tosis, and aplastic anemia have been reported with 
thiazides. Triamterene is a weak folic acid antag- 
onist. Do periodic blood studies in cirrhotics with 


splenomegaly. Antihypertensive effect may be 
enhanced in post-sympathectomy patients. Use 
cauticusly in surgical patients. The following may 
occur. transient elevated BUN or creatinine or 
both, hyperglycemia and glycosuria (diabetic 
insulin requirements may be altered), hyperurice- 
mia and gout, digitalis intoxication (in hypokalemia), 
decreasing alkali reserve with possible metabolic 
acidosis. Dyazide’ interferes with fluorescent 
measurement of quinidine. 


Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity. 


Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, rash, 
urticaria, photosensitivity, purpura, other dermat- 
ological conditions; nausea and vomiting, diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, pan- 
creatitis, xanthopsia and, rarely, allergic pneumo- 
nitis have occurred with thiazides alone. 
Triamterene has been found in renal stones in 
association with other usual calculus components. 


Supplied: Bottles of 1000 capsules; Single Unit 
Packages (unit-dose) of 100 (intended for institu- 
tional use only); in Patient-Pak™ unit-of-use bottles 


dus SK&F CO. 
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dependable, prolonged protection during periods of emotional or physical exertion. 


Summary Of Prescribing Information 


indications: Based on a review of this drug by The 
National Academy of Sciences— National Re- 
search Council and/or other information, FDA has 
classified the indications as follows: 

“Probably” effective: The chewable dosage form 


of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 





Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur 
Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis. 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and other 
agents. 


Dosage and Administration: Individual Dose: To mini- 
mize hypotensive responses, which may occasionally be 


severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. 

Dosage Schedule: Smallest effective dose necessary for 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect 
of coronary nitrates may vary, following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 
Division of IC! Americas Inc. 
Wilmington, DE 19897 






-3 > 
= EM 


(ISOSORBIDE DINITRATE) 5mg or 10mg 








For patients who need K CI- 
one sparkles bright: 


Each EN (2.8 g) T 20 mEq each 

of potassium and chloride supplied by 
potassium chloride 1.125 g, potassium M 
bicarbonate 0.5 g, and L-lysine mono- 
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DISSOLUTION 


è ready in seconds instead of minutes 1 
— fast dissolution so unique it’s patented* 


è pleasant citrus flavor 


® each packet delivers 20 mEq of potassium 
and chloride 


€ easily carried in patient's pocket or purse 


è can be mixed with water or other liquid for 
pleasant daily dosage 


Sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS sparkle 


Please see brief summary of prescr bing information on adjoining page. 


"US. Pat. No. 4,093,710 
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. Klorvess? Effervescent Granules and 
Klorvess? (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate O.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 1095 Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 195. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: Inresponseto arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. Inthe presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of K/orvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 1095 Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules — packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
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* Even emong patients with 
systematic therapy significantly 
reduced mortality: 


= mOf nearly 11,000 hypertensives identified by the Hypertensio 
— . Detection and Follow-up Program, slightly more than 
mild hypertension (DBP 90-104 mm. Hg).' 


B Half were given systematic and aggressive care in HDFP cer 
ters; half were referred to customary sources of medical care. 


‘After 5 years, HDFP found that effective treatment of mild 
hypertension may reduce premature deaths by 2076." 


BAS part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton® 


The primary agent used by the HDFP 


Hygroton? 









i 





70% hac 


in an effective low dose 





aday 


(chlorthalidone USP) 


Because there's nothing mild 
about mild hypertension 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in ecema. Contraindications: Anuria, hypersensitivity to 
chlorthalidone cr other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive-drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma. 
There is a possibility of exacerbation or activation o' systemic lupus erythematosus with thiazides, which are 
related to chiorthalidone. This has not been reportec with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord biood. Use in pregnant women requires tha! the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essertial, tne patient should stop nursing. 

Precautions: Periodic determination of serum electrolytes to detect possible electrolyte imbalance should be 
pertormed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremie, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidcne as with any other potent diuretic. especially with brisk diuresis, when severe cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference tormyocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances ‘as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 


mellitus may becnme manifest. Chiorthalidone and related drugs may increase the responsiveness to tubocurarine. 


The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


related drugs may decrease arterial responsiveness to norepinephrine. if progressive renal impairment becomes 
evident, as indicated by a rising nonprolein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chlorthalidone and related 
Grugs may decrease serum PBI levels without Signs of thyroid disturbance. Adverse Reactions: Anorexia, gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (inteahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, heacache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthestatic hypotension may occur and may 
be aggravated by alcohol, barbiturates o: narcotics. Other adverse reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
Severe, Chiorthalidone dosage should be reduced or therapy withdrawn 

Usual Dose: One tablet daily. How Supplied: Tablets 100 mg. (while, scored), 50 mg. (aqua) in bottles of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips). 


Reterences: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program: 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2. Payne, G.H 
Presentation of HDFP findings (Nov. 27, 1979), data on file, USV Laboratores. 


WUSV USV Laboratories Inc. 


LABORATORIES Manati, P.R. 00701 


DBP in the low 90: 


AUGUST 1980 


The American Journal of CARDIOLOGY" 


VOLUME 46 


NUMBER 2 


CONTENTS 





CLINICAL STUDIES 


189 Increased Lung Uptake of Thallium-201 During Exercise Myocardial Imaging: Clinical, Hemodynamic 
and Angiographic Implications in Patients With Coronary Artery Disease 


CHARLES A. BOUCHER, LEONARD M. ZIR, GEORGE A. BELLER, ROBERT D. OKADA, 
KENNETH A. McKUSICK, H. WILLIAM STRAUSS and GERALD M. POHOST 


This study of 227 patients subjected to exercise thallium-201 myocardial imaging and cardiac catheterization 
for evaluation of chest pain showed increased thallium lung activity during exercise in 23 percent. It was signifi- 
cantly associated with the severity of the coronary stenosis, the presence of multiple vessels with stenoses of 
50 percent or more and exercise-induced left ventricular dysfunction. In patients with 2+ thallium lung activity, 
the resting left ventricular ejection fraction was significantly lower than in the group without such lung activity. 
When increased thallium lung activity occurs with a normal thallium-201 myocardial scan, multivessel coronary 
artery disease should be considered. Increased thallium-201 in the lungs is easily identified and quantified and 
its presence should be noted routinely in the regular interpretation of myocardial images. 





197 Interaction of Left Ventricular Relaxation and Filling During Early Diastole in Human Subjects 
PAOLO FIORETTI, RONALD W. BROWER, GEERT T. MEESTER and PATRICK W. SERRUYS 


During early diastole in 17 patients with coronary artery disease studied with cineangiography and simultaneous 
tip manometry, 20 percent of total ventricular filling took place at resting heart rate and 62 percent during tachy- 
cardia. At resting heart rate the time constant of relaxation correlated inversely with ventricular inflow volume 
and inflow rate. These results indicate that left ventricular relaxation plays a relevant role in early diastolic pres- 
sure-volume relations; relaxation extends into the filling phase and this extension increases during tachycardia. 


204 Maximal Cardiac Output During Upright Exercise: Approximate Normal Standards and Variations With 
Coronary Heart Disease 


KENNETH F. HOSSACK, ROBERT A. BRUCE, BERT GREEN, FUSAKO KUSUMI, TIMOTHY A. DeROUEN 
and SHIRLEY TRIMBLE 


Observed normal ranges for age- and weight-adjusted maximal oxygen uptake and age-adjusted maximal heart 
rate for 79 normal sedentary men measured during the Bruce exercise protocol test were used to determine their 
normal maximal cardiac output and stroke volume. These investigators then demonstrated that patients with an- 
gina and infarction showed greater impairment of age- and weight-adjusted maximal oxygen uptake and age-ad- 
justed maximal cardiac output and maximal stroke volume than patients with angina or healed myocardial infarc- 
tion alone. After aortocoronary vein bypass grafting the surgical cohort had significantly higher maximal heart j 
rates. This paper also emphasizes the substantial magnitude of normal variation in healthy sedentary men and 
the need to define normal standards, adjusted for both body weight and age, in order to assess adequately the 
functional limits of ambulatory patients with coronary heart disease. Men 40 years of age show at least a twofold 
greater capacity for aerobic work than men 70 years of age. Cardiac performance can be expressed as a per- 
cent of age-adjusted estimated normal values. 


213 Exercise Response of the Denervated Heart in Long-Term Cardiac Transplant Recipients 


STEPHEN E. POPE, EDWARD B. STINSON, GEORGE T. DAUGHTERS ll, JOHN S. SCHROEDER, 
NEIL B. INGELS, Jr. and EDWIN L. ALDERMAN 


This study of the left ventricular response to volume loading and graded supine bicycle exercise in nine long- 
term cardiac transplant recipients demonstrated a functioning Frank-Starling mechanism in seven patients with 
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dipyridamole 


INDICATIONS— Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows: 


"Possibly'' effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 


frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 


Final classification of the less-than-effective indica- 
tions requires further investigation 





CONTRAINDICATIONS—No specific 
contraindications are known 


PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
9 (tartrazine) which may cause allergic 
type reactions (including bronchial 
asthma) in certain susceptible in 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS — Adverse reac- 
tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastrcin- 
testinal distress and skin rash have been 
noted during therapy. Rare-cases of 
what appeared to be an aggravation of 
angina pectoris have been reported 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
ntolerable, withdrawal of medication 
has been followed promptly 5y cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION 
The recommended dosage is.50 mg 


three times a day, taken at least cne 
hour before meals. In some case: 

higher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of cantinuous therapy 


Tablets of 25 mg and 75 mg 


For complete details, please see the full 
prescribing information 


Boehringer Ingelheim Ltd 
Ridgefield, CT 06877 
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volume loading by leg elevation which significantly increased end-diastolic volume, stroke volume and cardiac 
output in the absence of any increase in heart rate. It also showed that increases in cardiac output occur early 
in exercise at low work loads as a result of the augmented preload and the Frank-Starling mechanism. At higher 
work loads later in exercise cardiac output increases because of a combination of chronotropic and inotropic 
influences that are correlated with steeply rising levels of circulating norepinephrine which cause striking in- 
creases in heart rate and velocity of circumferential fiber shortening linked to the rising plasma norepinephrine 
levels. 


219 The Cardiac Response to Exercise Training: Echocardiographic Analysis at Rest and During Exercise 
RICHARD A. STEIN, DONALD MICHIELLI, JANE DIAMOND, BRAD HORWITZ and NORMAN KRASNOW 


Vigorous interval bicycle exercise training in 14 healthy sedentary students for 14 weeks was associated with 
an increase in left ventricular end-diastolic dimension at rest (from 4.7 + 0.11 to 5.0 + 0.11 cm) with no change 
in end-systolic dimension and increase in stroke dimension at rest (from 1.4 + 0.05 to 1.7 + 0.05 cm) and di- 
mensional shortening (0.32 + 0.01 to 0.35 + 0.01). Exercise was associated with an increase in stroke volume 
mediated by an increase in contractility. Measurements of blood pressure at rest and during exercise revealed 
no significant change, suggesting that the increase in ventricular dimension was not related to a reduction in af- 
terload. Heart rates after training were lower both at rest and during exercise than in the untrained state. Training 
resulted in increased stroke volume at rest mediated by enhanced preload (Frank-Starling effect) and increased 
dimensional shortening, unexplained by a decrease in blood pressure. These and other data in this study suggest 
an enhanced contractile state at rest and during exercise consequent to training. 


226 Long-Term Prognosis of Variant Angina With Medical Treatment 
SILVA SEVERI, GRAHAM DAVIES, ATTILIO MASERI, PAOLO MARZULLO and ANTONIO L'ABBATE 


The results of a 2 to 8 year follow-up study of 138 patients with well documented "'variant angina” indicate that 
the prognosis of such patients receiving appropriate medical therapy is reasonably good after the acute phase, 
even in the presence of severe coronary atherosclerosis. Normal coronary arteries were found in 9 of the 107 
patients subjected to coronary arteriography; the rest had stenosis greater than 50 percent in diameter of at least 
one major vessel. Coronary vasospasm was demonstrated in all 37 patients studied with coronary arteriography 
during angina at rest. Twenty-eight patients had acute myocardial infarction and 5 died within 1 month of admis- 
sion to hospital. Of the 133 survivors, 7 of 120 patients treated medically died and only 4 had acute myocardial 
infarction during the follow-up period; 13 underwent coronary arterial surgery. The clinical manifestations of 
ischemic heart disease and their fluctuations may be caused by the variable susceptibility of the coronary ves- 
sels to spasm or to the neurochemical or mechanical stimuli that trigger them. 


EXPERIMENTAL STUDIES 


233 Progression of Myocardial Abnormalities in Experimental Alcoholism 


GEORGE THOMAS, BUNYAD HAIDER, HENRY A. OLDEWURTEL, MICHAEL M. LYONS, CHIEN K. YEH 
and TIMOTHY J. REGAN 


Similar cardiovascular responses were recorded in dogs fed ethanol in short- and long-term studies. An increase 
of left ventricular collagen was the apparent basis for the compliance abnormality noted in these dogs but nei- 
ther variable differed in the groups receiving ethanol. Since collagen deposition in myocardium occurs relatively 
early during ethanol feeding its lack of progression in the animals fed ethanol for 4 years suggests that after early 
accumulation, synthesis and degradation of this protein are relatively equal. In addition, distortion of the tubular 
membranes may limit the rate of calcium availability to contractile protein and thus diminish contractile function 
in chronic alcoholism. Both intensification of interstitial collagen accumulation and the intracellular cation abnor- 
malities thought to be related to diminished contractility may be critical for progression to cardiac decompensa- 
tion in subjects with chronic alcohol consumption. 
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= Abbokinase is not a foreign protein 
= Abbokinase is non-antigenic 


= Induced antibody formation is not 
seen in intradermal tests 


= Since patient is not sensitized by Abbokinase, 
therapy can be repeated whenever necessary 


= Urokinase neutralizing antibodies are not 
formed so resistance is not a factor 


= Course of therapy is 12 hours and 
no dosage adjustment is necessary 


Abbokinase 
Urokinase for Injection a». 
250,000 I.U. per vial We 





The direct action 
thrombolytic agent 
for the management 
of acute massive 
pulmonary embolism 


Abbokinase is stocked at strategically 
located hospitals throughout the country. 
For the name of the hospital nearest to you, 
please write Abbott Laboratories, Dept. 517, 
North Chicago, Illinois 60064. 


Please see following page for Brief Summary. 


Abbokinase 
Urokinase for Injection did 





ABBOTT 


Brief Summary 
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ABBOKIMASE (urokinase for injection) should only be used by physicians with wide experience in the 
management of thrombotic disease in hospitals where the recommended clinical and laboratory 
main (see WARNINGS, PRECAUTIONS and DOSAGE AND ADMINISTRATION) can be per- 
ormed 


When considering treatment with urokinase, the physician should carefully assess the overall 
Clinical status and history of the patient. The hemostatic capability of the patient is more profoundly 
altered and bleeding more frequent with urokinase therapy than with heparin or oral coumarin anti- 
coagulant therapy. When bleeding occurs it is also more severe and more difficult to manage. The po- 
tential risk of serious hemorrhage relative to such factors as age. physical condition, and underlying 
bleeding tendency of the patient (as described under WARNINGS and PRECAUTIONS) should be 
weighed against the potential benefits of treating the patient with urokinase. 


INDICATIONS 
Pulmonary Embolism 


ABBOKINASE (urokinase for injection) is indicated in adults: 
for the lysis of acute massive pulmonary emboli, defined as obstruction or significant filling 
defects involving two or more lobar pulmonary arteries or an equivalent amount of emboli in 
other vessels.8 
for the lysis of pulmonary emboli accompanied by unstable hemodynamics, i.e., failure to main- 
lain blood pressure without supportive measures. 
The diagnosis should be confirmed ty objective means, preferably pulmonary arteriography. 
Urokinase treatment should be instituted as soon as possible after onset of pulmonary embo- 
lism, and no later than five days efter onset. Under these circumstances, angiographic and 
hemodynamic measurements demonstrate a more rapid improvement during the first 24 hours of 
therapy than with heparin therapy (Table 1).7-9 However, it has not been established that treatment 
with urokinase decreases morbidity or mortality, when compared to heparin therapy alone. 





TABLE | 
UPET * USPET?’ * 
12-Hour 12-Hour 24-Hour 
Heparin Urokinase Urokinase Urokinase 

Change in angiographic 0 54 1.78 1.66 1.76 
Severity score based 
on 4-point system 
Decrease in relative 8.3 24.1 20 29.2 
percentage perfusion 
defect on lung scans 
Change in pulmonary —1.1 —6.2 —7.28 —7.53 
artery pressure 
(mm Hg) 
Change in cardiac —0.05 +002 +0.06 +0.30 


index (I/min/m?) 





*Urokinase pulmonary embolism trial. 
* *Urokinase-streptokinase pulmonary embolism trial. 


Evaluations were obtained between 18 and 30 hours after the start of therapy. After several days, 
there were no differences between the results in the heparin treated patients and those receiving 
urokinase. 


CONTRAINDICATIONS — Because thrombolytic therapy increases the risk of bleeding, urokinase 

is contraindicated in the following situations: 

1. Surgery within ten days. Liver or kidney biopsy, lumbar puncture, thoracentesis or paracen- 
tesis, extensive or multiple cutdowns should be considered surgical procedures. 

. Intraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

. Recent trauma with possibility of internal injuries. 

. Visceral or intracranial malignancy. 

. Pregnancy and the first ten days of the post-partum period. 

. Ulcerative colitis, diverticulitis or an actively bleeding lesion (or one with a significant poten- 

tial for bieeding) of the gastrointestinal or genitourinary tract. 

. Severe hypertension. 

Acute or chronic hepatic or renal insufficiency. 

Uncontrolled hypocoagulable state, including one that may be Caused by a coagulation factor 

ya thrombocytopenia, spontaneous fibrinolysis, or another purpuric or hemorrhagic 
isorder. 

11. Chronic lung disease with cavitation, e.g., tuberculosis. 

12. Subacute bacterial endocarditis or rheumatic valvular disease. 

13. Recent cerebral embolism, thrombosis or hemorrhage. Treatment with urokinase is contraindi- 
cated for at least two months after cerebral embolism, thrombosis or hemorrhage because pa- 
tients with cerebral infarction remain at risk of bleeding into the infarcted tissue. 

14. Any other condition in which bleeding might constitute a significant hazard or be particularly 
difficult to manage because of its location. 

The conditions listed above should not be regarded as absolute contraindications. Rather, the risk 

of hemorrhage must be weighed carefully against the anticipated benefits of urokinase therapy in 

an individual patient and the benefits and risks associated with the use of urokinase should be 

Compared to the benefits and risks associated with other forms of therapy. 


WARNINGS 
Bleeding 


Activation of the fibrinolytic system with urokinase results in a more profound altera- 
tion of the hemostatic status of the patient than does anticoagulant therapy with 
heparin or coumarin agents. The aim of urokinase therapy is the production of suffi- 
cient amounts of plasmin for the lysis of intravascular deposits of fibrin; however, 
fibrin deposits which provide hemostasis, for example, at sites of needle punctures, 
are also destined for lysis, and bleeding trom such sites may occur. The possibility of 
bruising or hematoma formation, especialy with intramuscular injections, is high dur- 
ing thrombolytic therapy. Unnecessary handling of the oe should be avoided. 
Strict attention should be given to this section and the CONTRAINDICATIONS sec- 
tion in order to minimize the risk of bleeding. 

Because of the high risk of hematoma formation, intramuscular injections must be avoided dur- 
ing urokinase therapy, as with heparin therapy Bleeding at sites of recent invasive procedures 
may occur. Hence, arterial invasive procedures must also be avoided before and during treatment 
with urokinase. Should an arterial puncture be absolutely necessary, the femoral artery must be 
avoided and the radial or brachial artery used. It should be done carefully by a physician ex- 
perienced in such a procedure. Pressure should be applied for at least 15 minutes, a pressure 
dressing applied, and the puncture site checked frequently for evidence of bleeding. Also, veni- 
punctures should be performed as carefully and infrequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be continued with appropriate clinical observation. 
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Local measures, i.e., pressure, should be initiatec immediately. 

Spontaneous bleeding from internal sites (not accessible for pressure application) may also oc- 
cur. The risk of spontaneous bleeding is greater in patients with pre-existing hemostatic defects, 
e.g., patients with histories suggestive of prior bleeding problems, with or without demonstrable 
abnormalities in platelet count, prothrombin time, partial thromboplastin time, or bleeding time. 
Such patients should be assessed carefully before initiating treatment with urokinase. 

In addition to its fibrinolytic action, plasmin also degrades fibrinogen, Factor V, Factor VIII, and 
other proteins. The preducts of plasmin degradation of fibrinogen and fibrin (FDP/fdp) possess an 
anticoagulant effect. Bleeding may be difficult to control because of this anticoagulant effect. 

Should serious spontaneous bleeding occur, the infusion of urokinase should be terminated im- 
mediately, and treatment instituted as described under ADVERSE REACTIONS. 


Predisposition to Cerebral Embolism 


Treatment with urokinase of patients with atrial fibrillation or other conditions in which there is 
possible risk of cerebral embolism may be hazardous because of the risk of bleeding into the in- 
farcted area. 


Use of Anticoagulants 
Concurrent use of anticoagulants with urokinase is not recommended and may be hazardous. 
Before starting urokinase in patients being treated with heparin, the effects ef heparin should be 
allowed to diminish with time. As a general rule, a thrombin time of /ess than twice the normal 
control value is adequate for starting urokinase infusions safely. Similarly, heparin should not be 
Started following urokinase therapy until the thrombin time has returned to /ess than twice the 
normal control value. 

Rethrombosis has been observed after termination of urokinase treatment. In order to minimize 
this risk, the use of intravenous heparin followed by oral anticoagulant therapy is considered a 
necessary adjunct following urokinase therapy (see DOSAGE AND ADMINISTRATION). 


Use in Pregnancy 
See CONTRAINDICATIONS. 


Use in Children 
Safety and effectiveness of urokinase therapy in children have not been established; therefore, 
treatment of such patients is not recommended. 


PRECAUTIONS 
Drug Interactions 


Concurrent use of drugs that may alter platelet function, e.g., aspirin, indomethacin, and 
phenylbutazone, should be avoided. The interaction of ABBOKINASE (urokinase tor injection) with 
cther drugs has not been studied. 


Laboratory Monitoring 

In patients who have recerved heparin, the thrombin time should be measured prior to starting 
urokinase. (See WARNINGS.) Similarly, the thrombin time should be monitored foltowing urokinase 
therapy prior tò instituting heparin (See DOSAGE AND ADMINISTRATION.) During urokinase ad- 
ministration, the levels of fibrinogen, plasminogen, Facter V, and Factor Vill are wsually substan- 
tially diminished. Concomitantly, the level of fibrin(ogea) degradation products (FDP/fdp) is in- 
creased. The combination o! reduced fibrinogen and increased FDP/fdp results in è prolongation of 
the thrombin time. While changes in any of these parameters may serve as confirmation of the ex- 
istence of a lytic state, no adjustment of dosage should be made on the basis of these test results. 


ADVERSE REACTIONS 
Incidence and Management 


Strict observance of the contraindications, warnings, and precautions to the use of urokinase is es- 
sential to minimize the incidence and severity of adverse effects. 


BLEEDING 


Incidence 


Where thrombolytic agents (streptokinase and urokinase) were used in the same controlled clinical 
trial, severe bleeding (patients receiving a transfusion of greater than two units of blood) was seen 
in 4 and 6%, respectively. Several fatalities due to cerebral hemorrhage have occurred during 
urokinase therapy. 

Less severe spontaneous bleeding has been observed curing urokinase treatment at approx- 
imately twice the frequency as that occurring during heparin therapy. Oozing of blooc from sites of 
percutaneous trauma is frequent; hence, all invasive procedures, especially arterial punctures and 
intramuscular injections must be avoided and intravenous punctures kept to a minimum before 
and during treatment with urokinase. 

A moderate decrease in hematocrit not accompanied by clinically detectable bleeding occurred 
in approximately one out of five patients treated with urokinase. 


Management of Severe Bleeding 

In case of serious bleeding, urokinase therapy must be disccntinued. If blood loss has been large, 
packed red cells are indicated. Plasma volume expanders tother than Dextran) are indicated to 
replace blood volume deficit. If enly whele blood is available, it may also be used. Although the use 
of aminocaproic acid (ACA, AMICAR®) in humans as an anticote for urokinase has not been docu- 
ee, i may be considered if the nemorrhage is unresponsive to blood replacement. (See 


ALLERGIC REACTIONS 


Although urokinase is a protein of human origin, and in vitro tests with the drug, as well as in- 
tradermal test in humans, gave no evidence of induced antibody formation, the possibility of 
serious allergic reactions (including anaphylaxis) occurring with its use cannot be excluded. 
Relatively mild allergic reactions. e.g., bronchospasm and skin rash, were reported rarely. 


FEVER 


Febrile episodes occurred in approximately two to three out of 100 patients. A cause and effect 
relationship has not been established. Symptomatic treatment is usually sufficient to alleviate dis- 
comfort. The use of acetaminophen rather than aspirin is recommended. 


DOSAGE AND ADMINISTRATION 
Desing 
ABBOKINASE IS INTENDED FOR INTRAVENOUS INFUSION ONLY. 

A priming dose of 2,000 |.U./Ib (4,400 |.U./kg) of ABBOKINASE is given as the Abbokinase-Nor- 
mai Saline admixture over a period of ten minutes. This is followed by a continuous infusion of 
2.000 I.U /Ib/hr (4,400 1.U./kg/hr) of ABBOKINASE (given as the Abbokinase-Normal Saline ad- 
mixture) for 12 hours. The total valume of fluid administered should not exceed 200 mi. 

Administer ABBOKINASE (urokinase for injection) by means of a constant infusion pump that is 
capable of delivering a total volume of 195 mi. 


Anticoagulation After Terminating Urekinase Treatment 

At the end of urokinase therapy, treatment with heparin by continuous intravenous infusion is 
recommended. Heparin treatment should not begin until the thrombin time has decreased to /ess 
thaa twice the normal control value. See manufacturer's prescribing information for proper use of 
heparin. 
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242 Protective Effect of Pretreatment With Verapamil, Nifedipine and Propranolol on Mitochondrial 
Function in the Ischemic and Reperfused Myocardium 


WINIFRED G. NAYLER, ROBERTO FERRARI and ALAN WILLIAMS 


In this study rabbit hearts pretreated with propranolol, verapamil or nifedipine were protected against ischemia, 
and ischemia with reperfusion-induced decline in the adenosine triphosphate (ATP)-generating and oxygen-uti- 
lizing capacity of the mitochondria. A less marked increase in tissue and mitochondrial calcium and better main- 
tenance of the systolic tension-generating capacity of the hearts were noted. Although the mechanism of protec- 
tion affected by these drugs remains uncertain, their ability to protect the ischemic and reperfused heart may in- 
volve a common mechanism—an ability to slow the rate of depletion of the ATP reserves. The time of drug ad- 
ministration appears critically important. 


249 Protective Effects of Simultaneous Alpha and Beta Adrenergic Receptor Blockade on Myocardial Cell 
Necrosis After Coronary Arterial Occlusion in Rats 


MASSIMO CHIARIELLO, GREGORIO BREVETTI, GAETANO DeROSA, RAFFAELE ACUNZO, 
FIORENZO PETILLO, FRANCO RENGO and MARIO CONDORELLI 


Labetalol is a unique drug that blocks beta, and beta, receptors and alpha adrenergic receptors. Given to rats, 
it was found to protect the myocardium acutely jeopardized by ischemia after experimentally produced coronary 
arterial occlusion. Forty-eight hours after coronary occiusion, infarct size in the labetalol treated rats was 44.6 
+ 4.1 percent of the left ventricle in comparison to 56.6 + 3.3 percent in propranolol-treatec rats and 66.5 + 
2.6 percent in control rats. In another group of rats killed 21 days after coronary occlusion planimetry showed 
size of the infarct was 30.5 + 2.4 percent of the left ventricle in control animals and 15.2 + 1.2 percent in labe- 
talol-treated rats. These data suggest labetalol and propranolol are each effective in protecting the myocardium 
from ischemic necrosis, but that the simultaneous blockade of alpha and beta receptors achieved with labetalol 
appears more effective than beta receptor blockade alone. More experimental studies are necessary before this 
approach can be applied clinically. 


255 Detection of Entrapped Intracardiac Air With Intraoperative Echocardiography 


HENRY J. DUFF, ANDREW J. BUDA, ROBERT KRAMER, HANS D. STRAUSS, TIRONE E. DAVID and 
NEIL D. BERMAN 


Echocardiographic studies in 10 dogs during cardiopulmonary bypass demonstrate M mode echocardiography 
provides a sensitive and specific tool for detecting 1.0 cc of air in the left ventricle. Intracardiac air could be rec- 
ognized by the echocardiographic presence of a stippled granular pattern, a loss of the discrete linear echoes, 
decreased far field echoes, or all three. Sensitivity and specificity decreased to 86 and 56 percent, respectively, 
when 0.2 cc was injected. In man the consequence of embolization of 1.0 cc of air is unknown. 


METHODS 


261  Percutaneous Intraaortic Balloon Insertion 


DAVID BREGMAN, ALLEN B. NICHOLS, MELVIN B. WEISS, ERIC R. POWERS, ERIC C. MARTIN and 
WILLIAM J. CASARELLA 


Experience in 27 patients with a new single chambered percutaneous intraaortic balloon that can be inserted 
with the conventional Seldinger technique suggests that this approach permits the rapid institution of circulatory 
support, may reduce the incidence of complications associated with conventional methods of applying intraaor- 
tic balloon pumping and broadens the medical and surgical applications of this procedure. The percutaneous bal- 
loon could not be advanced into the aorta in two patients (7.4 percent) with severe bilateral aortoiliac occlusive 
disease. Eighty-four percent of the 25 patients undergoing this procedure survived to be discharged from the 
hospital. Percutaneous insertion generally required less than 5 minutes and was successfully performed with flu- 
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I. Figure lisapre-stress CKG (Cardiokymo- 
graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

O A. normal systolic inward motion 
O B. midsystolic bulging 
O C. holosystolic outward motion 


IV. Figures 1, 2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 


V. According to recently published? data, the 


O D. other 


II. Figure 2 is a two minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 


CKG (Cardiokymograph) stress test is: 
O A. 9896 sensitive — 9896 specific 
O B. 5996 sensitive — 6996 specific 
O C. 7496 sensitive — 9596 specific 
C] D. 4096 sensitive — 6096 specific 


O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
O D. other 


Ill. Figure 3is a thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 


VI. Figure 4 is a photograph of: 
O A. CKG/700 (Cardiokymograph) 
O B. anoninvasive device that provides an 
analog representation of wall motion 
[] C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 


left ventricle (V3 position), on the same diagnostic accuracy 
patient, demonstrating: O D. allofthe above 
O A. normal systolic inward motion REFERENCE 
O B. midsystolic bulging de À ^ OMA 
OC. hol stolic outward motion (1)Silverberg RA, Diamond GA, Vas R, Tzivoni D, Swan H J C 
. DOIOSYy C Forrester J S: Noninvasive Diagnosis of Coronary Artery Disease 
O D. other The Cardiokymographic Stress Test, Circulation, Vol. 61, No. 3; pgs 


519-589 
™CKG isa trademark of Cardiokinetics Inc. "Patent Pending 


For additional bibliography call or write: 
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(206) 625-1155 


QUICK QUIZ— ANSWERS 
SAOQE OUIOTIE A'LA OYlOads %SG—ASANISUSS 96p7, O'A EIWOSYOST YIM JUSISTSUOD serj[euurouqe uorjoui [[EM IE MAUA 





peonputssers y'AI uonuouipieAutot[oisÁs ewou "y "TII uouour premyo 2i [oisÁSo[ou O'g uonow premu doss ewou y "T 


BUFFERIN IS A 
BETTER WAY TO 


ASPIRIN. 





BETTER THAN BAYER FOR 
GASTRIC TOLERANCE IN A 
SERIES OF 14-DAY STUDIES 


At two-tablet doses q.i.d. (twice the level appropriate 
for TIA) in a particular series of 14-day gastric tolerance 
studies utilizing a crossover design among 182 normal 
subjects, 49% suffered gastric upset from Bayer® 
Aspirin. Most of these reacting subjects took Bufferin 
without discomfort. 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have 
had transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective in 
reducing TIAS in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms of 
TIAs should have a complete medical and neuro- 
logic evaluation. Consideration should be given 
to other disorders which resemble TIAs. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIAS and 
stroke such as hypertension and diabetes. 


. The recommended Bufferin? dosage for TIA is 1296 


mg. a day (648 mg. twice a day or 324 mg. 
four times a day). 


FOR ANALGESIA BUFFERIN 
IS BETTER THAN ASCRIPTIN 
FOR RAPID ABSORPTION 


In a second recent study, the absorption characteris- 
tics of Bufferin were compared with Ascriptin® (aspirin 
325 mg., magnesium-aluminum hydroxide 150 mg.). 
Dissolution rates were significantly faster with Bufferin, 
and plasma levels were significantly higher than with 
Ascriptin at 20 minutes. 


BUFFERIN: A BETTER WAY 
TO TAKE ASPIRIN WHEN 
LONG-TERM USE IS ADVISED 


For full aspirin benefits, plus excellent gastric tolerance 
and rapid absorption, your patients deserve Bufferin: 
the daily dosage aspirin. 

For complimentary samples of Bufferin, please write: 
Bufferin, PO. Box 65, Elizabeth, New Jersey 07207. 
Composition: Each Bufferin tablet contains aspirin 324 mg. and the 


antacid Di-Alminate® ( Bristol-Myers’ brand of Aluminum Glycinate 
48.6 mg. and Magnesium Carbonate 97.2 mg.). © 1980, Bristol-Myers Co. 


: RIN 





CONTENTS 





oroscopy in 19 and without fluoroscopy in 6 in the cardiac catheterization laboratory, coronary care unit, operat- 
ing room or recovery room. In this study this procedure was most successful in supporting patients with an acute 
coronary ischemic syndrome. 


265 Blood Oxygen Measurements in the Assessment of Intracardiac Left to Right Shunts: A Critical 


Appraisal of Methodology 


ELLIOTT M. ANTMAN, JAMES D. MARSH, LAURENCE H. GREEN and WILLIAM GROSSMAN 


Oximetric measurements of the oxygen content of blood sampled from the heart in 23 patients without a left to 
right shunt and in 42 patients with a proved left to right shunt reveal that a mean difference of at least 7 percent 
oxygen saturation is required for a firm diagnosis of a shunt at the atrial level and 5 percent for a shunt at the ven- 
tricular or great vessel level. The minimal left to right shunt detectable with oximetry depends mainly on the level 
of systemic blood flow. Fluctuations of oxygen measurements in the right atrium are largely influenced by incom- 
plete venous mixing whereas fluctuations in the pulmonary artery result from intrinsic measurement error. Oxi- 
metric detection of intracardiac left to right shunts can be improved by rapidly obtaining multiple blood samples 
at multiple sites, using oxygen saturation data rather than oxygen content data, comparing the mean of all values 
obtained in respective chambers and using exercise in equivocal cases with a depressed systemic blood flow. 


272 Noninvasive Assessment of Pulmonary Hypertension From Right Ventricular Isovolumic Contraction 


Time 


PETER MILLS, INGRID AMARA, LAMBERT P. McLAURIN and ERNEST CRAIGE 


The echocardicgraphic estimation of right ventricular systolic time intervals cannot be recommended as a rou- 
tine method to predict pulmonary arterial pressure in adults, but a time less than 25 ms suggests a normal pulmo- 
nary arterial pressure. Furthermore, echograms of the tricuspid and pulmonary valves are rarely of such quality 
as to permit accurate delineation of the valvular events required for these measurements in patients with pulmo- 
nary parenchymal diseases. Among 18 patients with chronic obstructive pulmonary disease and related prob- 
lems, it was possible to visualize the tricuspid but not the pulmonary valve in only 7. Neither valve could be re- 
corded satisfactorily in the other 11 patients in this group. 


277 Single Channel Dual Echocardiography 


281 


A24 


ALEXANDER ARDITTI, BARRY ROSENZWEIG, ITZHAK KRONZON, JACK SHARAZ and 
SHLOMO LANIADO 


Utilizing a simple inexpensive T piece connector, one can readily modify all commercially available single chan- 
nel echocardiographs for dual echocardiography at a cost of only several dollars. This method obtains simulta- 
neous echograms from two or more cardiac areas and permits measurement of systolic and diastolic time inter- 
vals, identification of various auscultatory findings and facilitates diagnosis of valvular lesions by displaying 
echoes from twc valves at the same time. 


PEDIATRIC CARDIOLOGY 
Surgical Treatment of Supraventricular Tachycardia in Infants and Children 


PAUL C. GILLETTE, ARTHUR GARSON, Jr., JOHN D. KUGLER, DENTON A. COOLEY, ALEX ZINNER 
and DAN G. McNAMARA 


Surgical division of accessory atrioventricular connections anatomically separate from the bundle of His and 
atrioventricular node stopped attacks of paroxysmal supraventricular tachycardia in 8 of 10 infants and children 
with drug-resistant tachycardias. Division of accessory connections was performed on free wall pathways in 9 
and on a septal pathway in one patient. Selection of patients who may benefit from this operation requires pre- 
operative cardiac catheterization to determine (1) the location of the accessory connection (free wall accessory 
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connections are easier to divide and carry less risk of damaging the normal conduction system); (2) whether the 
accessory connection is part of the reentry circuit; (3) the presence of more than one accessory circuit; (4) the 
functional properties and response to antiarrhythmic drugs of the accessory connection; and (5) the presence 
of associated congenital heart defects. To define the indications for surgery one must weigh the potential risk 
against the likely benefit. These operations should be performed only in centers with a complete team of pediat- 
ric cardiologists and cardiac surgeons expert in the management of these patients. 


285 Use of Atrial Epicardial Electrodes to Diagnose and Treat Postoperative Arrhythmias in Children 
STEVEN M. YABEK, BECHARA F. AKL, WILLIAM BERMAN, Jr., JOE F. NEAL and TERRENCE DILLON 


Temporary Teflon-coated stainless steel wires placed on the right atrium of 100 consecutive infants and children 
undergoing open heart surgery proved safe and of great value in correctly diagnosing unsuspected or misdiag- 
nosed arrhythmias and conduction disturbances and in treating postoperative arrhythmias. The wires were re- 
moved before discharge without complications. Trial pacing obviated the need for drug therapy in many patients 
with nonrecurrent paroxysmal tachyarrhythmia and improved postoperative low cardiac output or hypotension 
associated with bradycardia and intact atrioventricular conduction in 16 patients. From their experience these 
investigators recommend one or two atrial electrodes should be placed on the right atrial epicardium after open 
heart surgery in all children. Atrial wires do not replace the need for ventricular wires but complement their use- 
fulness. 


290 Control of Late Postoperative Ventricular Arrhythmias With Phenytoin in Young Patients 


ARTHUR GARSON, Jr., JOHN D. KUGLER, PAUL C. GILLETTE, AMERICO SIMONELLI and 
DAN G. McNAMARA 


In this study phenytoin suppressed ventricular arrhythmias in six children and young adults with abnormal hemo- 
dynamic status after surgery for congenital heart disease. The effective serum concentration of phenytoin aver- 
aged 15 ug/ml and was achieved within 48 to 72 hours following an oral loading dose. This concentration was 
maintained using 5 to 6 mg/kg per day. Ataxia occurred in two patients with serum phenytoin concentrations of 
16 and 20 ug, respectively, but not in the other four subjects. Since premature ventricular complexes are a dan- 
ger sign of sudden death in young patients with abnormal hemodynamics, these investigators recommend antiar- 
rhythmic treatment with phenytoin for all such patients with (1) any premature ventricular complex in a routine 
electrocardiogram at rest, (2) more than one premature ventricular complex in an electrocardiogram obtained 
during exercise, or (3) more than one premature ventricular complex per hour in a 24 hour tape electrocardio- 
gram. 


STUDIES IN HYPERTENSION 


295 Acute and Chronic Systemic and Pulmonary Hemodynamic Effects of Angiotensin Converting Enzyme 
Inhibition With Captopril in Hypertensive Patients 


ROBERT FAGARD, ANTOON AMERY, TONY REYBROUCK, PAUL LIJNEN and LEON BILLIET 


Captopril, an angiotension converting enzyme inhibitor, acutely decreased mean brachial arterial pressure by 
16.3 mm Hg after ingestion of 25 mg of the drug and by 7.6 mm Hg during long-term therapy with 150 to 600 
mg/day in 14 patients with essential or renovascular hypertension. These changes were significantly related to 
control plasma levels of angiotensin Il. Other hemodynamic observations indicate the action of captopril is char- 
acterized by arteriolar and possible venous dilatation. The increase in cardiac output during long-term treatment 
seems to be associated with a hypermetabolic state and, in patients with severe hypertension, with restoration 
to normal of mildly decreased left ventricular function. The increase in cardiac output was characterized by an 
increased stroke volume with unchanged heart rate. The antihypertensive effect of captopril depends at least 
partly on its interference with the renin-angiotensin system, but other suggested mechanisms such as bradykinin 
accumulation could not be excluded in this study. 


continued on page A32 
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Lopressor‘ 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block creater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 

Warnings Cardiac Failure: Sympathetic stimu a- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be acministered cau- 
ticusly. Both digitalis and metoprc!ol siow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic, 
and the response observed closely. If cardiac fall- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician s advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 


Still the most 
significant clinical 
advance in 
beta-blocker 
antihypertensive 
therapy 





tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocxing therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g.. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adremergic blockade may 
mask certain clinical signs (e.Gg., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecrclamine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and'or.marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below oral doses of 105 

mg kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generaily mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
Is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: It is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


LOPRESSOR 


metoprolol tartrate 


Usage in Children: Safety and effectiveness in 
children have nct been established. 


Adverse Reactions Most adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred ir about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchaspasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
œŒ 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
perted in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
pared with Lopressor during investigational use 
and foreign marketing experience 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not isted above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to Catatonia: visual distur- 
bances; hallucinations: an acute reversible syn- 
drome characterizec by disorientation for time and 
place, short-term memory loss. emotional lability, 
slightly clouded sensorium. and decreased per- 
formance on neuropsychometrics 

Cardiovascular: Intensification of AV block (see 
Contraindications ). 


Hematologic: Agranu'ocytosis. nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash. fever combined with 
achimg anc sore throat, laryngospasm and respira- 
tory distress 

Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blood 
urea ievels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
(or longer) intervals untd optimum blood pressure 
reducton is achleved. In general. the maximum ef- 
lect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day. with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been studied. While twice-daily dos- 
ing IS e*iective and can maintain a reduction in 
blood pressure throughcut the day, some patients, 
especially when lower dosages are used, will expe- 
rence a modest rise in biood pressure toward the 
end of the 12-^our dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of tne dosing interva to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased 


This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense Jn tight, light-resistant container (USP). 
667292 C79-22 (8/79) 


For compiete details, including description, clinical 
pharmacowogy and overdosage, please see full 
prescribing information 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsiey, New York 10502 


Geigy 


326-2488-A 





He might be 


running 
for his life 


Whether he’s in a cardiac conditioning, diagnostic or rehabilitation program, your patient deserves tine best in 
exercise equipment. At Collins, we've been making the best for sixty years. From our first treadmill to our newest 
Pedalmate ergometer, each product has been developed to meet the Collins standard of excellence — innovative 
design, durable construction and easy operation. 





The result has been a continuing tradition of superior instruments that reflect not only the latest technology, but a 
concern for patient comfort and safety as well. Each treadmill features handrails, a large usable walking area and a 
new fiberglass fabric-coated surface under the belt to minimize friction and wear. Our four treadmills offer speed 
ranges up to 16 mph and electric lift from 0-4096. For precise manual or automatic heart rate contro! capabilities, 
the Pedalmate combines the convenience of an exercise bicycle with the choice of either a 25-200 or 50-400 watt 
brake unit. 





High quality plus performance — it all adds up to product integrity that has made Collins 
the first choice for over half a century. So when you need exercise equipment, C lli 

choose Collins. You'll be sure of the best for your patient — and yourself. Write today O INS 
for our latest catalog. 





Compact Treadmill la . 
0.5-4.5 mph or 0.8-8.0 mph, 0-25% lift Pedalmate Ergometer Standard Treadmill 


m 3 0 
Manual or Automatic Heart Rate Control 1-10 mph, 0-40% lift 
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Differential Antihypertensive Effect of Acebutolol and Hydrochlorothiazide/Amiloride — Á 
Combination on Elevated Exercise Blood Pressures in Hypertensive Patients 


INGOMAR-WERNER FRANZ 


In this study of 24 outpatient subjects with hypertension acebutolol and hydrochlorothiazide/amiloride hydro- 
chloride resulted in a significant and almost identical reduction of blood pressure at rest with the exception of the 
standing diastolic blood pressure. However, blood pressure during exercise was significantly lower with 500 mg 
of acebutolol than with 50 mg of amiloride. These and other data indicate that beta adrenoreceptor blocking 
agents are the drugs of first choice in the treatment of mild to moderate arterial hypertension and are recom- 
mended specially for patients who are physically active on the job or are engaged in a preventive and rehabilita- 


tive training program. Diuretic agents potentiate the antihypertensive effect of beta blocking agents. 


306 High and Low Renin Subgroups of Essential Hypertension: Differences and Similarities in Their Renin 
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and Sympathetic Responses to Neural and Nonneural Stimuli 
ALBERTO MORGANTI, THOMAS G. PICKERING, JORGE A. LOPEZ-OVEJERO and JOHN H. LARAGH 


This study of 43 patients with uncomplicated essential hypertension and high, normal or low plasma renin activi- 
ty during a constant sodium intake of 100 mEq/day attributes these differences in plasma renin activity to dis- 
crepancies in renin responsiveness to neural stimuli. Because the renin response to tilt is mediated through the 
juxtaglomerular beta adrenoreceptors, it is possible that patients with high and low renin activity have different 
sensitivities of these receptors to similar adrenergic stimulation. Patients with high renin activity were younger 
and those with low renin activity had a longer history of hypertension. Plasma norepinephrine and epinephrine 
concentrations were similar in patients with high, normal or low renin levels both in the supine position and dur- 
ing tilt. However, tilt and sodium depletion, procedures used to stimulate renin release, produced different re- 


sponse patterns among the renin subgroups. 


REPORTS ON THERAPY 


Left Ventricular Myotomy and Myectomy in Patients With Obstructive Hypertrophic Cardiomyopathy 
and Previous Cardiac Arrest 


ANDREW G. MORROW, JEAN-PAUL KOCH, BARRY J. MARON, KENNETH M. KENT and 
STEPHEN E. EPSTEIN 


Combined left ventricular myotomy and myectomy provided a successfu! additional therapeutic option in the 
management of 10 patients with obstructive hypertrophic cardiomyopathy who survived cardiac arrest. Another 
patient died in the perioperative period and another died suddenly and unexpectedly 9 months after operation 
which had left the patient with significant residual outflow obstruction. Sudden death in patients with obstructive 
hypertrophic cardiomyopathy usually results from ventricular arrhythmias. Such patients should be treated indef- 


initely with antiarrhythmic drugs and operated on when severe outflow obstruction is present. 


Permanent Radiofrequency Ventricular Pacing for Management of Drug-Resistant Ventricular 
Tachycardia 


JEREMY N. RUSKIN, HASAN GARAN, FREDERICK POULIN and J. WARREN HARTHORNE 


Following the implantation of a patient-activated programmable radiofrequency ventricular pacemaker for an 
average of 13.7 months, three patients with previously drug-resistant recurrent ventricular tachycardia were 
able to terminate all episodes of ventricular tachycardia (average 43 per patient) and did not require hospitaliza- 
tion for an arrhythmia-related problem. All patients had coronary artery disease with a previous inferior wall 
myocardial infarction. Potential hazards of rapid ventricular pacing for the termination of recurrent ventricular 
tachycardia include pacing-induced acceleration of ventricular tachycardia, ventricular fibrillation and initiation 
of ventricular tachycardia if pacing is done during sinus rhythm and hemodynamic compromise. Such hazards 
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The Constipators 


Many of the drugs you prescribe 
may also cause constipation 
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Tranquilizers Analgesics Diuretics Antihypertensives 


Antidepressants Antihistaminics Antacids Barbiturates 


Iron Supplements Antispasmodics 





Narcotic Analgesics Muscle Relaxants 


Relieve drug-induced constipation 


Tablets/Granules 


SENOKOT 


(standardized senna concentrate) 


natural vegetable laxative 
ga Senokot laxatives help alleviate 


constipation in patients taking certain 
constipating drugs. 









ws Documented effectiveness— 
effective relief or prevention of drug- 
induced constipation in 98% of 621 


m Virtually colon-specific action. patents ESNS in 7 studies. 
m Flexible, individualized dosage. Bree cha 
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A CyberLith Pacemaker 


helped make these pictures of 
Wayne Sackett possible. 


A LIFETIME OF MASSIVE HEART PROBLEMS IS 
BEING CONTROLLED WITH A CYBERLITH PACEMAKER, 
AN AORTIC VALVE, AND SELECTED DRUG THERAPY. 


You'd never know by looking at him now, but ten years ago this man 
collapsed from disabling palpitations while mowing the lawn. 


But thanks to an Intermedics CyberLith pacemaker, an aortic valve 
replacement, and continuing drug therapy, Wayne D. Sackett is more 
than just back on his feet. He's an active family man, a farmer, and 
Chief Plant Operator of the Water Department of Deland, Florida. 


Taking care of an 11-acre farm is no small task, but Wayne and his 
wife enjoy making it a family affair with their three children. And the 
children know that when the chores are all done, it's time for play. 
Wayne has his favorites—softball, water skiing, fishing, and hunting— 
and the rest of the family likes to get in on the action. 


For Wayne Sackett, as well as his family, the multi-programmable 
CyberLith pacemaker from Intermedics has proved to be more than a 
life-saver. In combination with the new valve and the drug therapy, it 
has been a life-enhancer. And because his physician has him telephoni- 
cally monitored on a regular basis and can noninvasively make any 
changes necessary, chances are good that Wayne and his family can go 
on living as actively as they are now. 


Wayne's CyberLith is just one model in the growing Intermedics 
family of thin, lightweight pacemakers that permit noninvasive pro- 
gramming of stimulating rate, pulse width, sensitivity level, and pacing 
mode. Because of the CyberL ith's long history of reliability—longer than 
any other programmable multi-parameter pacemaker line— Wayne will 
probably still be going strong when his five-year-old son is in college. 


CyberLith. It could be the pacemaker of choice for your patients. 


t Intermedics lnc. 


P.O.Box 617 Freeport, TX 77541 
Toll Free: 800/231-2330 


Our business is life." 

ur Dusiness 1S ilfe. 

(C) August 1980, Intermedics, Inc. 

CyberLith is a registered trademark of Intermedics, Inc. , Freeport, TX 


Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
«tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However. body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 


> lntermedics Inc. 


Our business is life." 


A36 


NITROSTAT® 
(nitroglycerin tablets, USP) 


INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is con:raindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 

used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 

should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use: Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 
Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages of four bottles of 25 tablets each. 
0.15 mg (1/400 grain): N 0071-0568-24 [06]— 
bottle of 100 tablets; 
N 0071-0568-13— Convenience Package. 
0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
bottle of 100 tablets; 
N 0071-0569-13— Convenience Package. 
0.4 mg (1/150 grain): N 0071-0570-24 [06]— 
bottle of 100 tablets; 
N 0071-0570-13— Convenience Package. 
0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
bottle of 100 tabiets; 
N 0071-0571-13— Convenience Package. YF 


PARKE-DAVIS 
Div of Warner-Lambert Co 
Morris Plains, NJ 07950 USA PD-JA-0143-2-P(4-80) 
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For brief summary of the prescribing information, please see | | CE ' storage conditions in an unopened bottle Data on file, ` 
the preceding page. i © 1980 Wamer-Lamber Company Parke-Davis. 
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are reduced by using brief (2 to 20 pulse) bursts at relatively low rates (less than 250 beats/min) in patients with 
stable ventricular tachycardia, that is comparatively slow in rate and hemodynamically tolerated. In the future 
fully automatic implantable arrhythmia control devices will probably replace current radiofrequency pacemakers 
in most situations. 


Propranolol Therapy for Ventricular Arrhythmias 2 Months After Acute Myocardial Infarction 
GERALD M. KOPPES, CHARLES H. BECKMANN and FREDERIC G. JONES 


This study documents a reduction of 70 percent or more in 56 percent of 32 patients by propranolol therapy (av- 
erage daily dose of 160 mg) in the frequency and complexity of premature ventricular complexes from those cb- 
served at 8 weeks after acute myocardial infarction. Forty-one percent of the group achieved 90 percent sup- 
pression. No sudden death occurred in this high risk population with complex ventricular arrhythmias treated for 
6 months. This study also showed that ambulatory electrocardiographic monitoring was vastly superior to exer- 
cise treadmill testing in detecting the incidence and complexity of premature ventricular complexes after acute 
myocardial infarction. It should be considered for routine evaluation of patients 3 to 8 weeks after acute myocar- 
dial infarction and followed by antiarrhythmic therapy if necessary. 


CASE REPORTS 


Refractory Ergonovine-Induced Coronary Vasospasm: Importance of Intraccronary Nitroglycerin 
ALFRED BUXTON, SHELDON GOLDBERG, JOHN W. HIRSHFELD, JOHN WILSON, TIFT MANN, 
DAVID O. WILLIAMS, PHILIP OVERLIE and PHILIP OLIVA 


Five cases of ergonovine-induced coronary vasospasm refractory to sublingual nitroglycerin collected from four 
institutions ended in cardiac arrest. In two, the vasospasm was responsive to intracoronary nitroglycerin admin- 
istration; in three, death occurred. These results indicate that the ergonovine maleate test is not benign and may 
cause severe coronary vasospasm that is unresponsive to sublingual and intravenous nitroglycerin but may be 
reversed by intracoronary nitroglycerin. The action of ergonovine maleate in patients with an atypical chest pair 
syndrome differs markedly from that in patients with variant angina. It appears quite safe in the former group, but 
dangerous in the patients with variant angina. The necessary conditions to conduct a useful and safe ergonovine 
test exist only in, and should be limited to, the cardiac catheterization laboratory. 


EDITORIALS 


Provocative Testing for Coronary Arterial Spasm: Risk, Method and Rationale 
FREDERICK A. HEUPLER, Jr. 


Provocative Testing for Coronary Arterial Spasm With Ergonovine Maleate 
ARIEH FESTER 
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In just 3 minutes, the Eliminator completely processes a contin- 
uous 24-hour Holter recording and immediately provides an 
easy to read, 100% accurate ECG report, actually reproducing 

every single complex. 


SCANNING SERVICES CAN'T BEAT THAT with their random 
ECG samples, unverifiable numbers and trends, and turn- 
around time of 2 to 10 days. 


The Eliminators full disclosure format allows you, the 
physician, to quickly diagnose your patients based on the 
facts, in your own office, without the need of a trained 

technician and at a price that's as revolutionary as the 
system itself. 


Contact us to see the AdvanceMed Mobile Display Unit 
in your area and let us “Eliminate” one of your tapes 
and ALL of your “Scanning Service” problems. 
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24-hour blood level curve of 10-mg oral dose of diazepam 
in a single healthy subject. 





Smootn-oult 


Smooth: Avoids sudden symptom 
breakthrough Because of its fast and 
complete absorption, peak blood levels of 
Valium (diazepam/Roche) are achieved in 
60 to 90 minutes after a single dose for a 
rapid initial calming effect. Typically, with an 
appropriate dosage regimen (e.g., 5 mg 
t.i.d.) Valium builds in a uniform and pre- 
dictable way to a steady-state level within 
5-7 days, without accumulating beyond. 
With Valium the excretion rate is similarly 
consistent and predictable. When pharma- 
cologic support is no longer needed, the 
overlapping half-lives of diazepam and its 
metabolites insure a gradual elimination 
process. Because metabolites of short- 

acting benzodiazepines are inactive, 
blood levels of these drugs decrease 
more rapidly without benefit of a 
tapering effect. 
























Consistent therapeutic effect 
even when an occasional dose 
is omitted Once steady-state is 
achieved, sudden symptom breakthrough 
is highly unlikely, even if a dose is forgotten 
or skipped. Thats because the half-life 

of Valium— 27-37 hours—provides the 
advantage of self-tapering action, com- 





plementing your gradual reduction of the 
patients dosage and smoothing his transi- 
tion to independent coping. 


To discontinue smoothly... Gradual 
discontinuation of medication— while rarely 
necessary after short-term therapy— is good 
medical practice in patients who have 
received high doses for extended periods. 
When dosage is tapered, untoward side 
effects can be avoided. Throughout therapy, 
in fact, side effects are infrequent with 
Valium and are seldom more serious than 
drowsiness, fatigue and ataxia. 


Before prescribing, please see summary of product information on following page. 
® 








Smooth transition to 


@ 2-mo, 9-mg. 10-mg scored tablets 
Vallu independent coping 


Ciazepam/ Hoche € 


Valium 
Clazepam/ Roche 


Before prescribing, please consult complete prod- 
uct Information, a summary of which follows: 
Indications: Tension and anxiety associated with anx- 
iety disorders, transient situational disturbances and 
functional or organic disorders; psychoneurotic states 
manifested by tension, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex spasm to local 
pathology; spasticity caused by upper motor neuron 
disorders; athetosis; stiff-man syndrome; convulsive 
disorders (not for sole therapy). 
The effectiveness of Valium in long-term use, that is, 
more than 4 months, has not been assessed by 
systematic clinical studies. The physician should 
periodically reassess the usefulness of the drug for 
the individual patient. 
Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convulsive 
disorders, possibility of increase in frequency and/or 
severity of grand mal seizures may require increased 
dosage of standard anticonvulsant medication; abrupt 
withdrawal may be associated with temporary increase 
in frequency and/or severity of seizures. Advise against 
simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms similar to those 
with barbiturates and alcohol have been observed with 
abrupt discontinuation, usually limited to extended use 
and excessive doses. Infrequently, milder withdrawal 
symptoms have been reported following abrupt discon- 
tnuation of benzodiazepines after continuous use, 
generally at higher therapeutic levels. for at least 
several months. After extended therapy, gradually taper 
dosage. Keep addiction-prone individuals under careful 
surveillance because of their predisposition to habitua- 
tion and dependence. Toys i 
in Pregnancy: nor tran- 

ee ades during first trimester should 

aimost always be avoided because of in- 

creased risk of congenital malformations 

as suggested in severa! studies. Consider 

possibility of pregnancy when instituting 

therapy; advise patients to discuss therapy 

if they intend to or do become pregnant. 
Precautions: |f combined with other psychotropics 
or anticonvulsants, consider carefully pharmacology 
of agents employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual 
precautions indicated in patients severely depressed, 
or with latent depression, or with suicidal tendencies. 
Observe usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue. depression, 
dysarthria, jaundice, skin rash, ataxia. constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred vision. 
Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 
Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t. i.d. 
er q.i.d.; adjunctively in convulsive disorders, 2 to 10 
mg b.i.d. to q.i.d. Geriatric or debilitated patients: 2 to 
2V2 mg, 1 or 2 times daily initially, increasing as needed 
and tolerated. (See Precautions.) Children: 1 to 2Ve mg 
t i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam/Roche) Tablets, 2 mg, 
5 mg and 10 mg— bottles of 100 and 500; Tel-E-Dose* 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10; 
Prescription Paks of 50, available in trays of 10. 


Roche Laboratories 
ROCHE » Division of Hoffmann-La Roche Inc. 
@ Nutley, New Jersey 07110 
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When the compromised arrhytt 
patient needs round-the-cloc 
year-after-year protection 
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CONTRAINDICATIONS: 
Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block, o1 
intraventricular conduction defects. 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects 
ventricular premature beats, ventricule 
tachycardia or flutter while on the drug 

Marked cardiac enlargement, particu- 
larly with congestive failure. poor renal 
function, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 

In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a progressive reduction in the d 

of A-V block to a 1:1 ratio resulting in a 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivitv to quinidine, although rare, 
should constantly be considered, espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce tk 
contractile force of the heart, therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously. 
if at all. to senile agn peus 

Hospitalization for close clinical observ 
tion, electrocardiographic monitoring. ar 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache, nausea, dist 
vision may ap in sensitive patients 
after a single done of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea. 
Hematologic: Acute hemolytic anemia. 
hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement. 
confusion, delirium and syncope, dis- 
turbec hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
lor perception, reduced vision fields, 
photophobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
Hypersensitivity Reactions: Angio- 
ema, acute asthmatic episode, vascu- 
lar collapse, respiratory arrest. 
See package insert for full information. 
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MINIPRESS Effect 
prazosin KLI by Red 


Artist's representation of the lumen of an arteriole, 
dilation of which results in reduced peripheral resistance 
and blood pressure. 





ontrols Hypertensio 
eripheral Resistance 


» MINIPRESS Reduces Mean Arterial 


Pressure 


* MINIPRESS Reduces Total Peripheral 


Resistatite 


» MINIPRESS Does Not Reduce 


Cardiac Index 


...and Maintains These Effects Over 
the Long Term 


Mean Arterial Total Peripheral Cardiac 
Pressure Resistance Index Índex 


Percent change 


Relative hemodynamic changes at rest and during exercise after one year of 
g g y 
prazosin therapy in 10 hypertensive patients. Adapted from Lund-Johansen! 
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2 mg, 5 mg 
* Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 


s Maintains cardiac output which allows 
patients to maintain an active life style. 
* Maintains renal blood flow and glomerular 


filtration rate so it can be used effectively 
even in patients with renal impairment. 


B.LD. Dosage Titration... 
the Key to Effective | 


Control of 
Hypertension 


= Not a CNS agent so patients experience 
few of the troublesome CNS side effects 


j ; i y Titrate to 
that impair their quality of life. 


5 mgb.i.d* 

"Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


5mg 
capsule 


Titrate to 
The usual 


maximum daily 

dosage is 20 mg in 

divided doses, although 

a few patients may benefit 

from increases up to 40 mg 
*Ortid. daily in divided doses. 


* A small percentage of patients have 
experienced orthostatic hypotension 


Start with 
1mgb.i.d.* 


and syncope. 


Initiate therapy 


1 mg 


with evening dose. capsule 


BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. Asan antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for pr per 
patient response. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 1% in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
can be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
increasing the dosage slowly, and by introducing any additional antihypertensive drugs 
into the patient's regimen with caution (see DOSAGE AND ADMINISTRATION ). 
Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial ther ipy. 

More common than loss of consciousness are the symptoms often associated with 
owering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of MINIPRESS 
(prazosin hydrochloride) in children. 


ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.6%, 
lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tolerated 
with no decrease in dose of drug. 





The following reactions have been associated with MINIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 

ausal relationship has not been established because the baseline observations were 
requently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg two or three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly er iployed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg three 
times a day and retitration then carried out. 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
institutional packages of 100 (10 x 10's); and 5 mg (blue and white #4 38) capsules in 


bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

Mere detailed information available on request 

Reference: 

1. Lund-Johansen P: Hemodynamic changes at rest and during exercise in 
long-term prazosin therapy for essential hypertension, in Prazosin Clinical 

Symposium Proceedings, published as a special report by Postgrad Med. New 
York, McGraw-Hill Book & Education Services Group, 1975, pp 45-52. 
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(DIGOXIN) 

TABLETS 0.125 mg Scored (yellow), |.D. Imprint Y3B 
0.25 mg Scored (white), I.D. Imprint X3A 
0.5 mg Scored (green), I.D. Imprint T9A 


LANOXIN* 


(DIGOXIN) 


ELIXIR PEDIATRIC 90 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
Lang ang of right (venous Congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in "low output” failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular Sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 
5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

M though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued es soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially when severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to MO treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment m should be reserved onl 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, i. tablets should be taken into account when switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 


Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

Central nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia So that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, -with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life. a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. -H 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

Many children with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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To determine the clinical significance of increased thallium-20 1 activity 
in the lung immediately after exercise stress, the thallium-201 scans in 
227 patients undergoing cardiac catheterization were reviewed. Thallium 
lung activity on the initial anterior view images were graded qualitatively 
as follows: 0 (none) in 175 patients (77 percent); 1+ (moderate—in- 
creased activity in the lungs but less intense than that in left ventricular 
myocardium) in 37 patients (16 percent); and 2+ (severe—activity equal 
to or greater in intensity than left ventricular myocardial activity) in 15 
patients (7 percent). Increased (1+ or 2+) lung activity was related to 
(1) a greater number of myocardial segmental thallium defects (probability 
[p] <0.05); and (2) increased severity and extent of coronary artery 
disease (p « 0.05). In addition, 2+ lung thallium activity was associated 
with: (1) a greater prevalence of prior myocardial infarctions (p <0.01); 
and (2) a lower angiographic ejection fraction at rest (p <0.05). To de- 
termine the hemodynamic changes associated with increased lung uptake 
of thallium-201, supine stress thallium imaging was performed during 
cardiac catheterization in 12 additional patients. Of these, the five patients 
with increased lung activity on thallium scanning had a mean pulmonary 
capillary wedge pressure that increased with exercise from 12 + 1 (mean 
+ 1 standard deviation) to 24 + 3 mm Hg (p <0.05); cardiac index did 
not increase with stress. In contrast, seven patients without increased 
lung thallium activity demonstrated an increase in mean cardiac index 
(p <0.05) without an associated rise in pulmonary capillary wedge 
pressure (at rest = 10 + 3 mm Hg; during stress = 12 + 2 mm Hg). In 
conclusion, increased pulmonary uptake during exercise thallium-201 
imaging suggests the development of exercise-induced left ventricular 
dysfunction. Evaluation of lung activity should be added to the routine 
interpretation of exercise thallium-201 myocardial imaging studies. 


Exercise thallium-201 myocardial imaging is being increasingly used as 
a noninvasive means of detecting and evaluating coronary artery dis- 


August 1980 The American Journal of CARDIOLOGY Volume 46 189 








ELUI VI ee ee ë wI 


ease.1-^ In images obtained after the administration of 
thallium-201 at peak exercise, regions of diminished 
activity represent regions of diminished myocardial 
blood flow.9?-? Analysis of thallium redistribution in 
delayed images provides information about the viability 
of the myocardium in regions of diminished flow.?-!? 
Defects that fill in suggest the presence of reversible 
ischemia and defects that persist suggest the presence 
of infarction. We have noted that certain patients ex- 
hibit an apparent increase in thallium activity in the 
lungs in the initial postexercise images. To determine 
the significance of this finding, we reviewed the exercise 
thallium-201 myocardial images in 227 patients who had 
undergone cardiac catheterization for the evaluation of 
coronary artery disease. The presence of visually evident 
lung thallium-201 activity was graded and correlated 
with exercise work levels, the electrocardiographic re- 
sponses, the regional myocardial thallium distribution 


INITIAL DELAYED 








FIGURE 1. Representative examples of initial anterior thallium-20 1 
images showing 0, 1+ and 2+ lung activity. The activity resembles a 
minicast of the lungs, as would be seen in a lung scan. Activity is mostly 
cleared from the lung in the 2 hour delayed images. All three scans 
demonstrate thallium myocardial defects. The most severe initial defect 
with the least complete fill-in in 2 hours is noted in the images with 2+ 
lung activity. 


and the results of cardiac catheterization. In 12 patients, 
scans were obtained at the time of the catheterization 
study and thallium activity in the lungs was also cor- 
related with hemodynamic changes during exercise. 


Methods 


Patient selection: This study evaluates 227 patients who 
underwent both exercise thallium-201 myocardial imaging and 
cardiac catheterization for the evaluation of chest pain. There 
were 176 men and 51 women aged 28 to 71 years (mean 51). 
Administration of propranolol (110 patients) and digoxin (17 
patients) was not discontinued before the exercise test. 

Exercise protocol: An intravenous cannula was inserted 
just before the exercise test and a baseline 12 lead electro- 
cardiogram was recorded with the patients supine, standing 
and during hyperventilation. Patients then exercised on a 
treadmill according to the Bruce protocol!? until fatigue, 
significant chest pain, 2 mm or more of horizontal or down- 
sloping S- T segment depression or three or more consecutive 
ventricular premature complexes developed. Heart rate, blood 
pressure and a 12 lead electrocardiogram were recorded every 
minute. A dose of 1.5 millicuries of thallium-201 (New En- 
gland Nuclear, N. Billerica, Massachusetts) was injected in- 
travenously and the patient was encouraged to continue ex- 
ercising for another 45 seconds. The development of angina 
pectoris, the maximal heart rate, blood pressure and the du- 
ration of exercise were noted. All patients achieving greater 
than or equal to 85 percent of the maximal predicted heart 
rate based on the age of the patient were considered to have 
undergone an adequate exercise test.!4 A positive ischemic 
electrocardiographic response was defined as S- T segment 
depression of 1 mm or greater both at origin of the segment 
and 80 ms later. 
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FIGURE 2. Initial and delayed anterior (ANT) and left anterior oblique 
(LAO) images exhibiting 1+ lung activity. The lung activity is evident 
in the initial anterior image and is diminished in the delayed image. In 
this case, a transient myocardial defect is evident in the left anterior 
oblique projection. 
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Radionuclide techniques: Imaging was performed with 
the patient in the supine position using an Ohio-Nuclear series 
100 or 120 gamma camera (Ohio Nuclear, Solon, Ohio) 
equipped with a low energy all purpose collimator, employing 
a 20 percent window at the 80 keV mercury X-ray peak of 
thallium-201. Imaging was begun within 5 minutes after the 
cessation of exercise. Initial images were collected in the an- 
terior and then the 45? left anterior oblique projection for 6 
minutes each. Delayed images were collected at 2 hours in the 
same projections for 6 minutes each. Images were stored either 
in a PDP-9 computer (Digital Equipment Corp., Maynard, 
Massachusetts) or Ohio-Nuclear VIP computer system for 
analysis. 

The anterior image was used for the analysis of lung 
thallium-201 activity because the lungs are best visualized 
in this view and lung activity could be readily compared with 
that in both the myocardium and the mediastinum. Lung 
activity was considered to be increased only when the medi- 
astinum appeared as a photon-deficient region in contrast to 
the lung. Although this study does not document precisely 
that the activity labeled as pulmonary is located within the 
lungs, the activity assumed a configuration in the expected 
shape and location of the lung fields. The initial lung thallium 
activity was graded by two independent observers who did not 
know the results of angiography as 0 (absent or trace); 1+ 
(present but less intense than myocardial activity); or 2+ 
(present and comparable in intensity with myocardial activity) 
(Fig. 1 and 2). The assigned grade was determined by a con- 
sensus interpretation of the serial scans. 

Myocardial distribution of thallium-201 was analyzed in 
-each of six myocardial segments: anterolateral, apical and 
inferior segments in the anterior projection and septal, api- 
cal-inferior and posterior segments in the 45? left anterior 
oblique projection (Fig. 3). The amount of thallium in each 
segment was subjectively scored as either normal or reduced 
by two independent observers who were unaware of the results 
of the cardiac catheterization. The final score for each segment 
was determined by consensus interpretation. If all six seg- 
ments were normal, the thallium exercise test was considered 
normal. An initial defect was classified as a transient defect 
if the segment became normal on the delayed image, or as a 
persistent defect if that segment remained abnormal on the 
delayed image. 

Cardiac catheterization: All 227 patients underwent left 
ventricular and selective coronary cineangiography within 2 
weeks of the stress thallium-201 study. Left ventricular 
cineangiography was performed in the 30? right anterior 
oblique projection. Left ventricular ejection fraction was de- 
rived by planimetry from the end-diastolic and end-systolic 
images obtained with left ventriculography using the area- 
length method.!5 Coronary arterial narrowings were classified 
as a reduction in luminal diameter of at least 0 to 24, 25 to 49, 
50 to 89 or 90 to 100 percent, in two or more oblique views. On 
the basis of the most severe narrowing, 48 patients (21 percent 
had no coronary arterial narrowings greater than 24 percent; 
17 patients (7 percent) had a maximal stenosis of 25 to 49 
percent; 64 patients (28 percent) had a maximal stenosis of 
50 to 89 percent; and 98 patients (43 percent) had one or more 
stenoses greater than 90 percent. The 162 patients (71 per- 
cent) with a 50 percent or greater stenosis in one or more major 
coronary vessels were defined as having significant coronary 
artery disease. Of these patients, 61 had single vessel disease 
and 101 had multivessel disease. 

Hemodynamic studies: To determine the hemodynamic 
correlates of increased thallium activity in the lungs, 12 pa- 
tients (11 men and 1 woman) were prospectively studied after 
completion of routine cardiac catheterization performed by 
the Sones technique. Four patients had normal coronary ar- 
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teries and eight had multivessel coronary artery disease. All 
patients had a resting ejection fraction above 50 percent. A 
right heart catheter with a thermistor tip and a radial arterial 
cannula remained in place during exercise. Supine bicycle 
exercise was begun at an initial work load of 150 kilopond- 
meters (kpm)/min with 150 kpm/min increments in work load 
every 2 minutes until the previously mentioned end points 
were reached. Heart rate, arterial pressure, thermodilution 
cardiac output and pulmonary capillary wedge pressure were 
recorded at rest and during maximal exercise. 

The procedures for thallium-201 administration, subse- 
quent imaging and data analysis were identical to those pre- 
viously described except that the data were stored on a mobile 
computer system (MUGA-CART, Medical Data Systems, 
Ann Arbor, Michigan). In addition, lung thallium activity was 
both qualitatively and quantitatively analyzed from the an- 
terior images. Regions of interest were placed in the upper- 
most portion of the left lung field recorded and in the region 
of the left ventricular myocardium with the most intense ac- 
tivity and a ratio of lung to myocardial activity computed. 
Repeat measurements were made at a separate point in time 
and analyzed for intraobserver variance using a two-way 
analysis of variance. 

Statistical analysis: Comparisons between patients with 
and those without lung thallium-201 activity were made using 
chi-square analysis. Mean data were expressed as mean + 1 
standard deviation and mean differences were analyzed using 
a one-way analysis of variance and a Newman-Keuls multiple 
comparison test. 


Results 


Representative thallium-201 scans are illustrated in 
Figures 1 and 2. The activity labeled as pulmonary re- 
sembles the expected configuration of the lung fields. 
No increased activity is observed in the region of the 
mediastinum or in the blood pool of the right or left 
ventricle or great vessels. Furthermore, when increased 
lung activity is evident in an initial image, there is a 
marked decrease in activity in subsequent images. This 
observation aided in confirming the initial increase. 

Correlates of increased lung activity: Fifty-two 
patients (23 percent) had increased lung thallium-201 
activity in the initial postexercise anterior image. Of 
these, 37 patients (16 percent) had 1+ and 15 (7 per- 
cent) had 2+ lung activity. Table I shows pertinent 
clinical findings and exercise test results in the groups 
with and without increased lung activity. There was no 
difference in the age, sex, occurrence of angina pectoris, 
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FIGURE 3. Illustration of the individual segments graded in assessing 
thallium myocardial distribution. The anterior view is divided into an- 
terolateral, apical and inferior segments and the left anterior oblique 
view is divided into septal, apical-inferior and posterior segments. L.V. 
= left ventricle; R.V. = right ventricle. 
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TABLE | 
Clinical Findings and Exercise Test Results in Groups With 0, 1+ and 2+ Lung Thallium Activity 





Lung Activity 
0 Tt 2+ 
(n = 175) (n = 37) (n = 15) 

Clinical findings 

Age (yr) 49.7 + 7.8 50.3 + 8.3 55.6 + 11.3 

Sex (number of men) 134 (77 %) 28 (7696) 14 (9396) 

Prior myocardial infarctions (n) 27 (1596) 10 (27 96) 7 (47%) 

Propranolol therapy (n) 79 (48%) 24 (6596)* 7 (4796) 
Exercise test results 

Angina pectoris 62 (35%) 13 (3596) 4 (27 96) 

S-T segment depression 72 (419€) 16 (4396) 7 (4796) 

285 percent predicted maximal HR achieved 106 (61%) 11 (3096 )t 5 (3396)* 

Maximal HR (per min) 141 + 26 129 + 23 115 + 28* 

srg thal Ua 152 + 31 155 + 28 118 + 21* 

Maximal HR X BP (X 109) 215+ 3.0 20.0 + 6.7 13.6 + 8.21 

Exercise duration (min) 75+ 0.5 6.8+ 0.9 6.6 + 2.8 


* p <0.05, compared with patients with no increased lung activity; t p «0.01, compared with patients with no increased lung activity. 
Values are mean + 1 standard deviation. BP = systolic blood pressure; HR = heart rate; n = number of patients. 


frequency of S-T segment depression or duration of 
exercise in patients with and without lung activity. 
However, significantly fewer patients with 1+ and 2+ 
lung activity (30 and 35 percent, respectively) achieved 
85 percent of the maximal predicted heart rate when 
compared with patients with 0 lung activity (61 per- 
cent). Propranolol therapy was more prevalent in pa- 
tients with 1+ lung activity, yet in these patients, the 
mean heart rate and mean blood pressure achieved were 
not significantly lower than values in patients with no 
lung activity. In contrast, patients with 2+ lung activity 
had a significantly lower mean maximal heart rate as 
well as mean maximal blood pressure. 

Thallium-201 myocardial distribution is compared 
with the level of lung uptake in Table II. Patients with 
1+ and 2+ lung activity were significantly more likely 
to have multiple thallium defects. In patients with 2+ 
lung activity, a persistent defect was more likely to be 
present. 

The presence of lung thallium-201 activity was re- 
lated to the findings at cardiac catheterization (Table 
III). Increased lung thallium activity was significantly 
associated with the severity of the coronary stenoses and 
the presence of multiple vessels having a stenosis of 50 
percent or more. In patients with 2+ lung activity, the 


resting left ventricular ejection fraction was significantly 
lower than in the group without lung activity. 

Sensitivity and specificity: The sensitivity and 
specificity of increased (1+ and 2+) lung thallium ac- 
tivity for detecting coronary artery disease compared 
with those of the electrocardiogram and with the thal- 
lium myocardial scan is illustrated in Figure 4. Among 
162 patients with significant coronary artery disease, 
the sensitivity of increased lung activity was 45 of 162 
(28 percent), which was significantly less than the sen- 
sitivity of the electrocardiogram, 81 of 162 (51 percent), 
or the thallium myocardial scan, 141 of 162 (87 percent) 
(probability [p] <0.0001). Of the 45 patients with in- 
creased lung thallium activity, 42 also had a thallium 
myocardial defect. Therefore, combining these two 
criteria only increased sensitivity from 87 to 89 percent 
(144 of 162), which was not a significant increase. 
However, the 3 patients with increased lung activity and 
normal thallium myocardial scans all had multivessel 
disease and represented 3 of the 11 patients with mul- 
tivessel disease whose thallium-201 myocardial scans 
were hormal. 

Among the 65 patients without significant coronary 
artery disease, 7 patients (9 percent) had abnormal lung 
thallium activity (Table IV). One of these patients had 





TABLE Il 
Thallium Myocardial Distribution in Groups With 0, 1+ and 2+ Lung Thallium Activity 
Lung Activity 
0 1+ 2+ 
(n = 175) (n = 37) (n = 15) 
Thallium defects 117 (67%) 31 (84%)* 14 (93%)* 
Persistent thallium defect present 91(78%) 24 (77%) 14 (93%)* 
Number of abnormal segments 
0 58 (34%) 6 (16%) 1(7%) 
1 27 (15%) 3 (8%) 1(7%) 
22 90 (51% 28 (7696)* 13 (86%)* 
ee es CSA) 


* p <0.05, compared with patients with no increased lung activity. Values are in number of patients. 
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TABLE Ill 
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Cardiac Catheterization Findings in Groups With 0, 1+ and 2+ Lung Thallium Activity 








Lung Activity 
0 t 2+ 
(n = 175) (n = 37) (n = 15) 

Maximal percent coronary stenosis (n) 

0-25 (no CAD) 45 (2696) 3 (896) 0 (096) 

25-50 (subcritical CAD) 13 (7%) 3 (896) 1(796) 

50-90 51 (2996) 10 (27 96) 3 (2096) 

>90 66 (38%) 21 (57%) 11 (7396) 
Vessels with 250% stenosis (n) | 

1 51 (2996) 10 (27 96) 0 (096) | 

^ ere 66 (38%) 21 (5796) 14 (9396)* 

Left ventricular ejection fraction (96) 65+ 11 6219 49 + 15° 


* p <0.01, compared with patients with no increased lung activity. 


Values are mean + 1 standard deviation. CAD = coronary artery disease; n = number of patients. 


2+ and six had 1+ lung activity. Six of seven had either 
S-T segment depression with exercise or a positive 
thallium-201 myocardial scan, or both. Four patients 
had one or more subcritical (25 to 49 percent) coronary 
stenoses. 

Among 17 patients with 25 to 49 percent (subcriti- 
cal) coronary stenoses, 4 patients (24 percent) had in- 
creased lung thallium activity and 9 (53 percent) had 
an abnormal thallium myocardial scan. Therefore, only 
the 48 patients with less than 25 percent stenosis were 
considered to have no coronary artery disease. The 
specificity of increased lung activity, excluding the 17 
patients with subcritical stenoses, was significantly 
higher, 45 of 48 (94 percent), than the specificity of the 
electrocardiogram, 37 of 48 (77 percent), or of the 
thallium myocardial scan, 36 of 48 (75 percent) (p 
<0.05). Furthermore, if increased lung activity is added 
to a myocardial defect as a requirement for detecting 
coronary artery disease, the specificity of the thallium 
scan is increased from 75 to 98 percent (47 of 48) (p 
« 0.05). 

Hemodynamic study: Of the 12 patients studied 
during catheterization, 7 had grade 0 lung activity, 4 had 
1+ lung activity and 1 had 2+ activity. The computer- 
quantitated initial lung to heart ratio in the four pa- 
tients with 1+ lung activity ranged from 0.41 to 0.57 
(mean 0.48), which was significantly higher than the 
values in the seven patients with grade 0 lung activity, 
0.27 to 0.33 (mean 0.30) (p <0.01). In the one patient 
with 2+ lung activity, the ratio was 0.63. In delayed 
images, the ratio was below 0.35 in all 12 patients. In- 
traobserver variance for this ratio was +0.04 (+1 stan- 
dard deviation). All of the patients with 1+ or 2+ in- 
creased lung activity had triple vessel coronary artery 
disease, whereas the seven patients without lung activity 
included four with no coronary stenoses, two with 
double vessel coronary disease and one with triple vessel 
disease. All five patients with 1+ or 2+ lung activity 
stopped exercising because of angina pectoris, exhibited 
ischemic S-T segment depression and had multiple 
thallium-201 myocardial defects. Among the seven 
patients with grade 0 lung thallium activity, the three 
patients with coronary artery disease had abnormal 


thallium myocardial scans, whereas the four patients 
without coronary artery disease had normal scans. Table 
V compares the hemodynamic response to exercise in 
the patients with 1+ and 2+ lung activity and those with 
grade 0 lung activity. Patients with increased lung up- 
take demonstrated a higher pulmonary capillary wedge 
pressure at peak exercise and no significant change in 
the cardiac index between rest and exercise, while car- 
diac index increased significantly in patients with grade 
0 lung activity with no increase in pulmonary capillary 
wedge pressure. 


Discussion 


During thallium-201 myocardial imaging studies, the 
pulmonary capillary bed is uniquely situated between 
the injection site and the systemic circulation. Because 
the pulmonary bed is the only one exposed to the entire 
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n* 162 n=48 


FIGURE 4. Illustration of the comparative sensitivities and specificities 
of electrocardiographic evidence of ischemia, a thallium-20 1 myocardial 
defect and increased lung thallium-201 activity. Seventeen patients with 
25 to 50 percent coronary stenosis are excluded. The sensitivity of 
increased lung activity in coronary artery disease (28 percent) is sig- 
nificantly lower (p <0.001) and the specificity (94 percent) is signifi- 
cantly higher (p <0.05) than either electrocardiographic evidence of 
ischemia or a thallium-201 myocardial defect. 


August 1980 The American Journal of CARDIOLOGY Volume 46 193 


AeMAPWNMA VEIAN WI Oe ie ee ee LI M 


TABLE IV 
Findings in Seven Patients With Increased Lung Thallium Activity But No Significant Coronary Artery Disease 


Subcritical Misc 
Age (yr) Propranolol 20171 Coronary Conditions 
Case Grade* & Sex Therapy Max HR Angina S-Tl Scan Stenosis Present 

1 at 48F Yes 95 No No Abnormal 40% LAD, 45% RCA Hypertension 
2 1+ 52F No 160 No No Normal 30% LAD Prior anterior MI 
3 tr 51M Yes 125 Yes Yes Abnormal 45% LAD Akinetic apex 
4 1+ 44M No 170 No No Abnormal 40% LAD dts 
5 1+ 43F Yes 120 No Yes Normal (d MVP. asthma 
6 1+ 59F Yes 160 No No Normal Hypertension 
7 + 45M Yes 125 No No Abnormal 





* Grade = grade of increased lung thallium activity. 


LAD = percent narrowing of the left anterior descending coronary artery; Max HR = maximal heart rate achieved during exercise (beats/min); 
MI = myocardial infarction; Misc = miscellaneous; MVP = mitral valve prolapse; RCA = percent narrowing of right coronary artery; S-T, = significant 
S-T segment depression during exercise; ??'T| = thallium-201; . . . = not present. on | 


bolus dose of thallium-201, there is substantial thallium 
uptake by the lung, even though the pulmonary ex- 
traction fraction of thallium during the initial transit 
is normally only about 9 percent.!6-?? In prior experi- 
mental studies, increased extraction of thallium during 
the first transit has been shown to develop in a model 
of left heart failure manifested by an increase in left 
atrial pressure and a prolongation in transit time.!® In 
clinical studies in which whole body thallium-201 dis- 
tribution in normal patients was quantified, the lung to 
heart activity ratio was about 0.30, similar to the values 
found in our patients without coronary artery disease 
in the hemodynamic study (0.27, 0.29, 0.31 and 0.33, 
respectively). Nevertheless, despite the widespread use 
of exercise thallium-201 imaging, the presence of in- 
creased lung activity is only seldom mentioned?! and its 
clinical significance remains unknown. . 
Correlatión of lung thallium activity and severity 
of coronary artery disease: Among 227 patients 
undergoing exercise myocardial imaging and cardiac 
catheterization for the evaluation of coronary artery 
disease, we noted increased lung thallium activity in 52 
(23 percent) of the patients. In 37 of these 52 patients, 
the lung activity was less intense than the myocardial 


activity; in the remaining 15 patients, the intensity of 
the lung activity approximated that of myocardial ac- 
tivity. Patients with increaséd pulmonary activity had 
more sevére and extensive coronary artery disease, as 
well as more thallium myocardial defects, than those 
without increased pulmonary activity. Among patients 
whose intensity of the lung thallium activity was com- 
parable with that of myocardial activity (that is, 2+ lung 
activity), 14 of 15 had a persistent defect, reflecting the 
presence of some irreversibly damaged myocardium. In 
addition, the angiographic left ventricular ejection 
fraction at rest was significantly depressed in patients 
with 2+ lung activity. 

Correlation with hemodynamic findings: Al- 
though supine exercise thallium-201 imaging studies 
may not be directly comparable with upright treadmill 
studies, the hemodynamic study added two aspects not 
available in the initial clinical study. First, lung to heart 
activity was quantified and compared with the visual 
grading. Patients with grade 0 lung activity had a lung 
to heart ratio of 0.35 or less. Second, the presence of 
increased lung activity was related to hemodynamic 
abnormalities occurring during exercise. Patients with 
grade 0 lung activity showed an increase in cardiac 











TABLE V 
Hemodynamic Response to Exercise in 12 Patients in Relation to Lung Thallium Activity 
Lung Activity Grade 
0 1+ or 2+ 
(n = 7) (n = 5) p* 
Rest 
Heart rate (beats/min) 64+ 1 59 + 12 NS 
HR X BP (X 10?) 8.0 + 7.6 t 1.4 NS 
Cardiac index (liters/min per m?) 2.8 + 3.1 X: 0.5 NS 
PCWP (mm Hg) 103 12 3: 1 NS 
Exercise ' i 
Heart rate (beats/min) 115 16t 91 18t p <0.05 
HR X BP (X 10°) 19.8 + 5.47 12.9 + 4.51 p <0.05 
Cardiac index (liters/min per m?) 4.0+ 0.17 3.7+0.3 NS 
PCWP ; 12.2 24+ 3t p <0.05 


* Probability of values in patients with increased ??'TI activity differing from patients with normal lung activity; ! p <0.05, compared with values 
at rest. ; , 

Values are mean + 1 standard deviation. HR X BP = heart rate and systolic blood pressure product; NS = not significant; PCWP = mean pulmonary 
capillary wedge pressure. ': 
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output without an increase in pulmonary capillary 
wedge pressure, whereas patients with 1+ or 2+ lung 
activity had no increase in cardiac output and demon- 
strated a dramatic increase in pulmonary capillary 
wedge pressure. These data from the catheterization 
laboratory are consistent with the initial clinical find- 
ings because the patients likely to manifest this kind of 
hemodynamic response to exercise are those with severe 
and multivessel coronary artery disease.??-?6 

Factors accounting for increased lung thallium 
activity: On the basis of these observations, several 
hypotheses could be proposed to account for the in- 
crease in lung thallium content. First, the finding that 
increased lung thallium activity was associated with 
more thallium myocardial defects may indicate that this 
increased activity was only a relative increase due to a 
lesser concentration of thallium-201 in the myocardium. 
Although this hypothesis may provide a partial expla- 
nation, it is unlikely to be the only explanation, because 
images were collected for the same time in each patient. 
Therefore, an increase in lung activity in a patient would 
reflect a higher total number of counts in the lung. If 
images had been collected for a preset number of total 
counts, reduced myocardial thallium uptake in a patient 
would prolong the collection time and might produce 
greater lung activity. Furthermore, the decrease in lung 
activity in subsequent images represents a true decrease 
in total lung activity irrespective of changes in myo- 
cardial activity. 

Second, one might attribute the increased lung up- 
take to inadequate exercise. This would imply that in- 
creased lung activity would always be evident in thal- 
lium studies at rest, which is not the case clinically.?! 
Furthermore, in one third of patients with increased 
lung activity, exercise was adequate in that 85 percent 
of the maximal predicted heart rate was achieved. For 
these reasons, we believe that the increased lung activity 
is not a direct result of a decreased level of exercise. 
Rather, increased lung activity is often associated with 
a decreased level of exercise because both tend to occur 
in patients with advanced coronary artery disease who 
manifest left ventricular dysfunction during exercise. 

Third, if the increased thallium in the lung were lo- 
cated in the blood pool, it might reflect the increased 
pulmonary blood volume that occurs with exercise- 
induced ischemia.?^28 However, it is unlikely that the 
increased lung thallium activity is primarily located in 
the intravascular space, because at the time of the initial 
image collection, no increase in thallium activity is ob- 
served in the blood pool of the right and left ventricles 
or in the region of the great vessels. 

Fourth, the site of thallium in the lungs is unknown 
but two of our observations suggest that it may be in the 
interstitial compartment: (1) The clearance of thallium 
from the lung within 1 or 2 hours is consistent with the 
known rapid clearance of interstitial lung water.?? (2) 
The development of an elevated pulmonary capillary 
wedge pressure during exercise in patients demon- 
strating increased lung thallium activity is parallel with 
the transient increase in interstitial lung water resulting 
from abnormal elevation of left ventricular filling 
pressure known to occur during stress-induced isch- 
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emia.?? On the other hand, the thallium may be avidly 
taken by lung parenchymal cells and then washed out 
rapidly with the pulmonary blood flow. 

Relation to ventricular function: The recent de- 
velopment of exercise studies using gated cardiac blood 
pool scanning has permitted evaluation of left ventric- 
ular systolic function during exercise.?? Such studies 
were not performed in our patients. However, because 
our data suggest that increased lung activity results 
from exercise-induced left ventricular failure, a corre- 
lation between increased lung thallium uptake and an 
abnormal ejection fraction response with exercise would 
be anticipated. Future studies in patients undergoing 
exercise thallium and gated blood pool studies would 
also be of interest in comparing increased lung thallium 
activity with exercise-induced increases in pulmonary 
blood volume.?8 

Clinical implications: As assessed visually, in- 
creased lung activity of thallium alone was an insensitive 
marker for the presence of coronary artery disease be- 
cause only 28 percent of patients with significant coro- 
nary arterial stenosis had increased thallium activity. 
However, because the increased activity appears to re- 
flect more advanced coronary artery disease associated 
with the development of transient exercise-induced left 
ventricular failure it thereby has a high specificity. 
When increased thallium lung activity occurs with a 
normal thallium-201 myocardial scan, multivessel 
coronary disease should be considered. On the other 
hand, an occasional patient with less than 50 percent 
stenosis may have increased lung activity. Such a pa- 
tient may have hypertension or subcritical coronary 
stenosis (30 to 45 percent). The latter may result in 
myocardial ischemia with exercise.?!-?? Furthermore, 
this observation is consistent with evidence that he- 
modynamic as well as metabolic and scintigraphic ab- 
normalities may occur during exercise in patients with 
angina and “normal” coronary arteries.?^ In light of our 
data suggesting that thallium uptake is related to he- 
modynamic status, it is possible that increased thallium 
uptake occurs in conditions unassociated with coronary 
artery disease and not included in this study, disorders 
such a primary valvular or myocardial disease, or 
both. 

The occurrence of lung uptake of thallium during 
stress myocardial imaging for the evaluation of coronary 
artery disease appears to have diagnostic significance, 
suggesting the presence of coronary artery disease that 
is more extensive than in patients without increased 
lung activity. Although the origin of this uptake is un- 
certain, it appears to be related to the development of 
left ventricular failure during exercise. Because in- 
creased thallium-201 activity in the lungs is easily 
identified and quantitated, its presence should be noted 
in the routine interpretation of myocardial images. 
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Seventeen patients with coronary artery disease were studied with 
cineangiography and simultaneous tip manometry at resting heart rate 
and submaximal tachycardia induced by atrial pacing. During early 
diastole, defined as the interval from the opening of the mitral valve to the 
point of minimal left ventricular pressure, 20 percent of total ventricular 
filling took place at resting heart rate, but 62 percent occurred during 
tachycardia. Minimal pressure was significantly correlated with the time 
constant of pressure decay during the isovolumic phase (r — 0.75 at 
resting heart rate and r — 0.81 during tachycardia). The measured minimal 
pressure could be predicted by extrapolating the exponential decay of 
ventricular isovolumic pressure to the time of occurrence of the minimal 
pressure, which occurred on average 2.7 time constants from the peak 
negative rate of change of pressure. At resting heart rate the time constant 
of relaxation was inversely correlated with ventricular inflow volume (r 
= —0.64) and inflow rate (r = —0.72). It is concluded that left ventricular 
relaxation has a relevant role in early diastolic pressure-volume relations 
and increases during tachycardia. 


During the earliest part of diastole, after the opening of the mitral valve, 
the left ventricle fills while the pressure continues to decrease. It has been 
reported in animals and in human subjects that a large proportion of left 
ventricular filling takes place!'-? and that the filling rate peaks within 
this short time interval.? These observations suggest that ventricular 
relaxation extends beyond the isovolumic phase, makes a relevant con- 
tribution to ventricular filling and influences pressure-volume relations 
during early diastole. These conclusions have been partly corroborated 
by the recent studies in dogs by Weisfeldt et al.’ 

The present study was undertaken to investigate in human beings the 
extension of left ventricular relaxation in diastole and to assess its rel- 
evance to early diastolic left ventricular pressure and inflow at resting 
heart rate and during submaximal tachycardia induced by atrial 
pacing. 


Methods 


Patients: Diagnostic cardiac catheterization was performed in 17 adults whose 
ages ranged from 42 to 63 years (mean 51); 15 were men and 2 women. All med- 
ications (such as digoxin or beta blocking agents) were withdrawn 36 hours before 
catheterization. No tranquilizers or long-acting nitrates were given as premed- 
ication. Heparin (50 mg intravenously) was given at the beginning of the inves- 
tigation. All patients had stable angina pectoris and proved coronary artery 
disease. Catheterization data (regional wall motion, coronary angiographic 
findings and graft patency, when appropriate) together with electrocardiographic 
data are shown in Table I. Six patients had a previous myocardial infarction 
(anterior in 2 and inferior in 4) and 11 had previous coronary bypass graft sur- 
gery. In no case was mitral insufficiency or left ventricular dyskinesia de- 
tected. 

Study protocol: The study protocol included two cineventriculograms at 50 
frames/s, the first at resting heart rate and the second at submaximal tachycardia 
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TABLE ! 
Summary of Angiographic and Electrocardiographic Findings 
Angiographic Data 
Coronary Arteries 
Case Regional Wall Motion (96 stenosis) CABG Status ECG 
1 Normal LAD 90 » die Normal 
2 Apex, hypo LAD 90 : vw Normal 
3 Inf, hypo Diag 90; LCx 99; RCA 100 24 Inf MI 
4 Inf, hypo LCx 100 Bet Normal 
5 Normal LAD 50 a Normal 
6 Normal LAD 75; LCx 50; RCA 75 « ae Normal 
7 Ant-lat, hypo; apex, akin LAD 75; LCx 75; RCA 75 LAD patent; LCx occl; RCA occl Ant MI 
8 Hypo (diffuse) LAD 100; LCx 75; RCA 100 LAD patent; LCx patent; RCA patent Inf MI 
9 Normal LAD 50; LOx 75 LAD occi; LCx occl Normal 
10 Ant-lat, hypo; inf, hypo LAD 100; LCx 75; RCA 100 LAD patent; LCx occl; RCA patent Inf MI 
11 Normal LAD 75 LAD patent Normal 
12 Inf and sept, hypo LCx 75; RCA 75 LCx patent; RCA patent Normal 
13 Ant-inf, hypo LAD 95; LCx 100; RCA 100 LAD patent; LCx patent Normal 
14 Normal LAD 100; LCx 75; RCA 100 LAD occl; LCx occl; RCA patent Normal 
15 Normal LAD 100; LCx 100 LAD patent; LCx patent Ant MI 
16 Normal RCA 95; LAD 75; LCx 100 RCA patent: LAD occl; LCx occl Normal 
17 Ant-inf and sept, hypo RCA 100; LAD 100; LCx 75 RCA patent; LAD patent; LCx patent Inf MI 


akin = akinetic; ant = anterior; CABG = coronary arterial bypass graft; hypo = hypokinetic; inf = inferior wall; LAD = left anterior descending 
coronary artery; lat = lateral wall; LCx = left circumflex artery; MI = myocardial infarct; occ! = occluded; RCA = right coronary artery; sept = 
septum; .. . = grafting not performed. 





during atrial pacing. No patient complained of angina during The left ventricular volumes were measured by Simpson’s 
pacing. The angiograms were taken at midinspiration, and rule, using automatic contour detection?? for the single plane 
particular attention was paid to avoid the Valsalva maneuver. films and the area-length method for the biplane films. No 
The second ventriculogram was obtained at least 15 minutes regression equation was used. The correlation coefficient 
later and not until ventricular pressure returned to the values between the two methods for 64 volume measurements in 
obtained at rest. In eight patients a biplane (right anterior eight patients was 0.96 with a standard error of the estimate 
oblique and left anterior oblique) and in nine a single plane of 11 ml. A high fidelity left ventricular pressure tracing was 
(right anterior oblique) technique was used. In every patient recorded simultaneously with the angiogram with use of an 
a left anterior oblique angiogram was obtained at resting heart F8 Angio Millar microtip catheter at full scale and high 
rate. gain. 
TABLE Il 
Left Ventricular Pressure Measurements and Derived Indexes 
Peak Peak Nagative 
HR PkSP ESP Pmin EDP T dP/dt dPYdt 
(min~") (mm Hg) (mm Hg) (mm Hg) (mm Hg) (ms) (mm Hg/s) (mm Hg/s) 
Case R P R P R P R P R P R P R P R P 


)* 80 ^ 19077. 40," '87 / 85 . TA $63 i135 49.548. 412. wing: bdo 1350 1,800 

2. 60 120 123. 124 (84. . 100 860 74 1| 89. 485 349 2000 DAO0 1,90 1450 

3 61 122 180 158 120 108 80 7.3 18 12 506 445 1,50 1,400 1,430 1610 

4 68 115 162 153 106 96 93 54 20 11 477 353 1,200 1,800 1,800 2.400 

5 67 122 218 —200 3131 ) 98 00 10 23 8. 3978. 313 2050 2650 2250 2400 

6 82. 115 125—128 78 -82 79 93 14 10. 498  Ar7.4 ' 31600 14,900 ^ 1575 1780 

7 80 130 182 137 71  Á63 43 #460 22 18 374 410 1,780 2240 1,00 1.470 

8 82 139 116 129 84 96 40 60 16 11 413 403 1,300 1900 1,880 1920 

9 93 150 134 136 82 56 32 20 12 12 325 286 2,000 2,600 2,150 2.820 

10 60 120 150 158 76 88 69 62 24 15 454 406 1500 2250 2000 2200 

11 66 130 170 133 85 683 18 40 15 (7 384 358 2.700 2.800 1930 1,600 

i2 .:602 0120. 190 120 84. B4. 85 78 1T 10 480 418. 1200. 42400 . 1.470. 1,390 

13 66 120 128 128 68 100 5.1 118 18 13 45.1 45.4 1,400 1,700 1,560 1,940 

14 67 141 #101 102 60 48 #50 91 12 10 439 400 1600 1,850 1.480 1,440 

15 60 136 150 174 92 122 13.0 137 28 20 526 434 1700 2.200 1,920 2720 

6. 75 .190' 115. 115 82 76 29 À 81 12 09. 405 3408 1550- 1950 \ 1600 3 1/840 

7... 7. 188 . 110. 413 | 60. 70 28 37 20 7 500^" BBS. 14D0D - 4300 «48D —1.640 

Mean 70 130 139 137 86 86 56 67 17 11 446 399 1660 2.070 1700 1,900 

SD 16 1" 3,598. BW! 32. 32 5 9 558.50 : BAD 420 290 ‘450 
p «10-5 NS NS NS «10-5 «1073 «10-5 «0.01 


dP/dt — peak rate of change of pressure; EDP — end-diastolic pressure; ESP — pressure at peak negative dP/dt; HR — heart rate; NS — not sig- 
nificant; p — probability that difference in mean values between R and P occurs by chance; P — paced heart rate; PKSP = peak systolic pressure; 
Pmin = minimal diastolic pressure; R = resting heart rate; SD = standard deviation; T = time constant of relaxation. 
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Thus, all hemodynamic measurements apply directly to the 
beat analyzed for ventriculography. The electrocardiogram, 
left ventricular pressure and its first derivative and the film 
frame markers were recorded during angiography at a paper 
speed of 200 mm/s. 

Definitions: /sovolumic relaxation phase was defined as 
the period between the peak negative rate of change of pres- 
sure and the opening of the mitral valve (Fig. 1). This defini- 
tion differs slightly from the conventional definition of the 
isovolumic relaxation phase—which is measured starting with 
closure of the aortic valve. Our definition was chosen because 
it provided the closest approximation of this period in light 
of simultaneous the unavailability of aortic pressure data and 
because it assured a more accurate exponential fit to the de- 
crease in pressure. 

The rate of relaxation was quantified by the time constant 
of pressure decay according to the method of Weiss, et al.!° 
using a least squares fit to the logarithm of pressure. Opening 
of the mitral valve was defined from the angiographic frame 
preceding that in which nonopacified blood first entered the 
left ventricle. In all cases included in the study the opening 
of the mitral valve was recognized in the same frame by two 
independent observers. 

Early diastole was defined as the interval between the 
opening of the mitral valve and minimal ventricular diastolic 
pressure. This is the pressure at which the rate of change of 
pressure first reaches 0 (Fig. 1). Early diastolic left ventricular 
inflow volume was measured as an absolute value (ml) and as 
percent of total filling. Early diastolic mean inflow rate was 
measured as the ratio between the difference of ventricular 
volumes at minimal pressure and opening of the mitral valve 
and the time interval corresponding to the number of frames 
between them. Left ventricular inflow volume and rate were 
normalized for ventricular volume at minimal diastolic pres- 
sure. 

Statistical analysis was performed with the Student's t test 
for paired data and with linear regression analysis, where 
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FIGURE 1. The isovolumic relaxation, as defined by left ventricular 
pressure (LVP), occurs after end-systole (ES) between peak negative 
rate of change of left ventricular pressure (LV dP/dt) and the opening 
of the mitral valve (OMV). Early diastole is defined as the interval be- 
tween the opening of the mitral valve and left ventricular minimal dia- 
stolic pressure (Py), where the rate of change of pressure (dP/dt) 
equals 0. 


Results 


The hemodynamic and cineangiographic measure- 
ments at rest and during cardiac pacing are shown in 
Tables II to IV. During pacing heart rate was increased 
from 69 + 9 (mean + standard deviation) to 129 + 10 
beats/min in increments of 10 to 20 beats/min every 2 








appropriate. minutes. 
TABLE lll 
Left Ventricular Volume Measurements and Derived Indexes 
EDV ESV EF Vmin EDI EDI/Vmin FEDI EDIR EDIR/Vmin 
(ml) (ml) (96) (ml) (ml) (96) (96) (ml/s) (s^) 
Case BSA (m?) R P R P R P R P R P R P R P R P R P 
1 2.00 126 91 62 44. .52 ' 55 74 77 . AD, 28/10. SE, "TI. 1200 416 2.6 5.4 
2 1.93 159 120 67 50 60 58 92 108 15 O48. 1686 43 6 78 260 57.5 2.7 5.3 
3 1.70 182 128 84 va. 64 SS. 106 111 5 2 B. 22 ko 119 2942 ^11 (30 
4 2.02 184 158 81 79 "80 53 118 114 #18 30418 "28 “2 AP 28 833 26 7.3 
5 1.75 129 93 54 42 58 355 74 65 19. 21. 28 ..232. G6. 34: css 350 53 53 
6 1.76 194 146 73 53 62 64 100 88 21. 90*^43 31 18 41 350 750 3.5 7.6 
7 1.82 200 160 74 65 63 59 117 114 34 46: 29 38.20 72 768 706 6.0 6.1 
8 1.73 215 189 114 tia: Pf 41 159 159 36 46 21 27? 42 “TO; 600 1150 35 038 
9 1.64 139 111 39 45 72 59 62 70 18 200 29 229 18 50 300 500 4.8 7.1 
10 1.99 290 216 127 123 56 43 169 107 3T. 23 18 19 21 40 645 645 3.8 3.8 
11 1.81 206 118 55 20 43 75 100 94 27 902" 27 00 19 71 502 861 5.6 9.1 
12 2.05 186 122 71 52 62 58 88 90 11 42.138 42. 10 985 275 525 3.1 5.3 
13 1.85 210 160 99 93 53 42 131 148 26 45 20 £31 25 76 433 502 33 38 
14 1.83 180 110 49 EN TS" 109 69 95 15 42 22 44 12 69 250 525 3.6 5. 
15 1.80 149 96 56 39 62 59 71 80 15. r0 46 16 066 250 6106 3.5 7.7 
16 1.86 175 124 63 53 64 57 86 105. 20 -5080 23 4T 19 70 250 Sia 29 D 
17 1.82 229 177 98 13 57 59 143 136 40 59. 28 43 33 67 500 983 3.5 7.1 
Mean 185 136 74 60 60 55 103 108- 23. "SB LM 36 20 61 3SI*T 644 3.6 6.0 
SD 40 36 23 29 7 9 32 30 10 +t 6 11 8 14 170 218 T2 CUS 
p « 1078 «0.007 «(0.003 NS «107^ « 1075 «1077 «1075 «1075 


BSA = body surface area; EDI = early diastolic inflow volume, EDIR = early diastolic inflow rate; EDV = end-diastolic volume; EF = ejection 
fraction; ESV = end-systolic volume; FEDI = early diastolic inflow volume as the fraction of total filling; p = probability by paired t test; P = paced 
heart rate; R = resting heart rate; SD = standard deviation; Vmin = volume at minimal left ventricular diastolic pressure. 
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FIGURE 2. Left ventricular minimal pressure (Py) versus the time 
constant of relaxation of isovolumic pressure decay (T) at resting (open 
circles) and paced (solid circles) heart rates (HR). Py and T are sig- 
nificantly correlated in both conditions. The regression line shifts slightly 
toward increased Py during pacing, although the mean value of Pw 
is unchanged. r = correlation coefficient; S, , = standard error of the 
estimate. 


Hemodynamic data (Table II): Left ventricular 
peak systolic, end-systolic (at peak negative rate of 
change of pressure) and minimal diastolic pressure did 
not change significantly during pacing, but ventricular 
end-diastolic pressure decreased significantly (proba- 
bility [p] €«1075) from 17 + 5 to 11 + 3 mm Hg. In this 


group of patients with submaximal pacing, end-diastolic 
pressure was not observed to increase in any case with 
pacing. The time constant of relaxation also decreased 
significantly (p <1078) from 44.6 + 5.8 to 39.9 + 5.0 ms 
and was significantly correlated with minimal diastolic 
pressure at resting (r = 0.75, p €«107?) and paced heart 
rates (r = 0.81, p <1074) (Fig. 2). All but one patient 
showed an increase in peak positive rate of change of 
pressure (1,660 versus 2,070 mm Hg/s, p «10-75). Peak 
negative rate of change of pressure showed a less dra- 
matic increase (1,700 versus 1,900 mm Hg/s, p «0.01), 
with two patients showing a measurable decrease in this 
quantity. The contraction phase variables were largely 
uncorrelated with the relaxation phase variables. 
Cineangiographic data (Table III): During 
tachycardia the left ventricular end-diastolic volume 
decreased from 185 + 40 to 136 + 36 ml, in parallel with 
the decrease of end-diastolic pressure. The end-systolic 
volume decreased less than end-diastolic volume, with 
a consequent decrease in ejection fraction from 50 to 55 
percent (p «0.003). The left ventricular early diastolic 
inflow volume increased from 21 + 10 to 38 + 12 ml, 
nearly doubling during tachycardia, and the fraction of 
total ventricular filling occurring in early diastole in- 
creased even more, from 20 to 61 percent (Fig. 3). Also, 
the mean early diastolic inflow rate increased signifi- 
cantly from 377 to 644 ml/s (p <1075). When ventricular 
inflow volume and inflow rate were normalized for 
volume at minimal diastolic pressure, they were sig- 
nificantly correlated with the time constant of relaxa- 
tion at resting heart rate (r = —0.64, p «0.005 and r = 
—0.72, p «0.009) (Fig. 4 and 5). However, during 








TABLE IV 
Diastolic Time Intervals 
Pacing Spike 
t4 to t3 t4 + to to Pmin 
(ms) (ms) (ms) t, + to/T + te/T (ms) 
Case R P R P P R F P P 
1 60 60 60 60 20 2.3 2.9 3.4 240 
2 80 60 60 80 100 3.0 3.1 4.9 260 
3 84 56 42 70 70 2.4 2.8 4.8 320 
4 84 60 60 36 120 3.0 2.9 6.1 120 
5 48 48 48 60 60 2.5 4.0 5.7 150 
6 80 60 60 40 100 2.8 2.1 3.9 175 
7 48 36 48 60 50 2.5 2.3 4.8 235 
8 60 60 50 40 40 2.9 2.4 3.4 235 
9 40 40 50 40 40 3.0 2.8 4.2 300 
10 48 36 48 48 84 2.1 2.3 4.1 285 
11 60 60 48 72 72 3.3 3.6 5.6 335 
12 80 60 40 80 50 2.5 3.3 4.8 400 
13 60 40 60 80 80 2.6 2.6 4.4 235 
14 60 20 60 80 60 2.7 2.5 4.0 240 
15 60 40 60 60 40 2.2 2.3 3.3 225 
16 40 20 80 80 40 2.9 2.4 3.4 190 
17 40 40 80 60 40 2.4 2.2 3.8 175 
Mean 61 47 56 61 63 2.7 2.8 4.4 242 
SD 15 14 11 16 27 0.3 0.5 0.9 71 


p «107? NS Du 33 
NS = not significant; p = probability; P = paced heart rate; R = resting heart rate; SD = standard deviation; T = time constant of relaxation; 
t4 = time interval between peak negative dP/dt and opening of the mitral valve; tə = time interval between opening of the mitral valve and minimal 


diastolic pressure; ta — time interval between Pmin and end-diastole. 


200 


August 1980 The American Journal of CARDIOLOGY Volume 46 


tachycardia these correlations failed to achieve signif- 
icance. 

Time intervals (Table IV): The time of occurrence 
of minimal diastolic pressure as expressed in time 
constants of relaxation after peak negative rate of 
change of pressure was not different at resting and 
paced heart rates and was, respectively, 2.7 and 2.8 
times the time constant. During tachycardia minimal 
diastolic pressure preceded end-diastole, which oc- 
curred on average 4.3 time constants after the peak 
negative rate of change of pressure. During tachycardia, 
first degree atrioventricular block developed in all pa- 
tients, and the interval between the electrical spike and 
minimal diastolic pressure was 242 + 71 ms. 


Discussion 


The relations between ventricular relaxation and 
filling have been studied extensively in animals,! 1-15 but 
barely explored in human beings. Burch et al.,!6 by 
plotting pressure-volume loops, first showed in human 
subjects that during early diastole the left ventricle fills 
while the pressure is still decreasing. This finding was 
later described by Dodge et al.!? and more recently by 
others.2:?:5 

Distribution and dynamics of left ventricular 
filling: In our patients the duration of early diastole at 
resting heart rate averaged 56 ms and during this time 
20 percent of total filling took place (range 7 to 42 per- 
cent). This finding is consistent with the finding of 24 
percent reported by Yellin et al.,* who measured the 
transmitral flow with electromagnetic probes sutured 
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FIGURE 4. Left ventricular early diastolic inflow volume (EDI) normalized 
for volume (Vmin) at minimal diastolic pressure versus the time constant 
of isovolumic pressure decay (T) at resting heart rate (HR). 
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FIGURE 3. Early diastolic left ventricular inflow volume as percent of 
total filling (FEDI) at resting and paced heart rates (HR). In all 17 patients 
it increased significantly during pacing. 
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FIGURE 5. Left ventricular mean early diastolic inflow rate normalized 
for volume at minimal diastolic pressure (EDI/Vmin X At) versus the 
time constant of isovolumic pressure decay (T) at resting heart rate 
(HR). 
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to the mitral ring in open chest dogs. In human subjects 
‘there are few data available obtained with cineangio- 
graphic measurements.?? These data show somewhat 
higher values for the percent of early diastolic filling: an 
average of 39 percent in 16 cases? and a range from 7 to 
62 percent in 17 cases.!* However, the data in these two 
series are not fully comparable with ours, because of the 
nonhomogeneous patient population, which included 
normal subjects and those with cardiomyopathy, coro- 
nary artery disease and valvular heart disease. Fur- 
thermore, Alderman et al.° did not measure pressure 
and volume simultaneously, did not use tip manometry 
in the majority of cases and utilized a slower film speed 
(30 frames/s). 

Our results obtained during submaximal tachycardia 
show that the different heart rates are accompanied by 
important changes in the distribution and the dynamics 
of left ventricular filling. The large increase in the 
fraction of total filling during early diastole from 20 to 
62 percent is explained not only by a shortening of filling 
time and reduction in end-diastolic volume, but also by 
a concomitant, almost twofold increase in early diastolic 
inflow volume from 21 to 38 ml. The inflow rate also 
showed a large increase from 3.6 to 6 s~!. These data 
further confirm the difficulty in measuring compliance 
at high heart rates and rule out a simple passive elastic 
model for the left ventricle for the entire diastolic pe- 
riod.4.5.18-21 

The extension of left ventricular relaxation to the 
filling phase has recently been studied in animals.9? In 
a canine right heart bypass preparation, left ventricular 
relaxation extended up to an average of 2.9 time con- 
stants of relaxation (range 2.5 to 3.5) after the peak 
negative rate of change of pressure. These findings are 
similar to the average intervals from the peak negative 
rate of change of pressure to minimal diastolic pressure 
that we report of 2.7 and 2.8 time constants, respec- 
tively, at resting and paced heart rates. Admittedly, 
minimal diastolic pressure does not necessarily corre- 
spond to the termination of relaxation, but represents 
the crossover point between left ventricular relaxation 
and filling, two processes with opposite effects on filling 
pressure. However, when ventricular isovolumic pres- 
sure is extrapolated to the time of occurrence of minimal 
diastolic pressure, then minimal diastolic pressure 
would be calculated from e727 = 0.07 and e^? = 0.06 
of the initial value of pressure at peak negative rate of 
change of pressure; that is, relaxation is essentially 
completed. 

There remains little consensus on the biophysical 
model for relaxation of the myocardium, but most 
studies demonstrate an exponential decline in left 
ventricular pressure. Work on monolayer cell cultures?” 
has revealed the existence of two phases of relaxation 
associated with calcium uptake by the sarcoplasmic 
reticulum (relaxation time = 33 ms) and possibly cal- 
cium extrusion through a sodium-calcium exchange 
mechanism (relaxation time = 48 ms). Recent studies 
in dogs have also revealed a dual time-constant relax- 
ation process, but this has been ascribed to a provoked 
(coronary ligation) asynchronous relaxation, in which 


there was an increase in time constant, rather than to 
a more fundamental biochemical process.???4 However, 
most studies in intact animals and human beings have 
reported a monoexponential process,!° and indeed 
Kumada et al.?? found that the two phases of relaxation 
merge into one when there is synchronous relaxation. 
During submaximal pacing we found no evidence of 
induced ischemia as deduced from the presence of pain, 
important electrocardiographic changes or induced 
abnormalities in regional wall motion. The time con- 
stant of relaxation increased measurably during pacing 
in only one patient (Case 7), and he was the only one 
whose ventriculogram revealed an akinetic segment. For 
the entire group the time constant of relaxation de- 
creased from 45 to 40 ms. 

Extension of relaxation into early diastole: Sev- 
eral observations suggest that left ventricular relaxation 
is a relevant determinant of early diastolic filling pres- 
sure. First, a significant positive correlation has been 
found between the time constant of relaxation and 
minimal diastolic pressure at both resting and paced 
heart rates. Second, the actual average minimal diastolic 
pressures of 5.6 and 6.7 mm Hg at resting and paced 
heart rates, respectively, are not significantly different 
from the theoretica! values of 6.0 and 5.1 mm Hg ob- 
tained by extrapolating the exponential left ventricular 
pressure decay in the isovolumic phase to the timing of 
occurrence of minimal diastolic pressure. From these 
results we speculate that left ventricular viscoelastic 
properties, which are expected to result in increased 
pressure in early diastole for an elevated inflow 
rate,?25-?5 are overshadowed by relaxation processes. 

Role of atrial contraction: That the filling during 
early diastole is also influenced by left ventricular re- 
laxation is also corroborated by the inverse correlation 
between the time constant of relaxation and left ven- 
tricular normalized inflow volume and inflow rate (Fig. 
5 and 6). During tachycardia, the time constant of re- 
laxation decreased and inflow volume and rate in- 
creased, but they were no longer significantly correlated 
at the highest paced rate. We believe that the link be- 
tween relaxation and filling is interrupted because of 
the superimposition of atrial contraction on early 
diastole, as indicated by the time intervals (Table IV) 
between the atrial stimulation and minimal diastolic 
pressure. However, this remains speculative and there 
is no reported consensus about the relative role of re- 
laxation (vis a fronte) and atrial contraction (vis a tergo) 
on the ventricular filing pattern during tachy- 
cardia.?931 

It is possible that, as an indirect result of the short- 
ened diastolic filling period, atrial pressure became el- 
evated during pacing, which would affect the inflow 
rate. However, our data revealed no significant change 
in minimal diastolic pressure and end-diastolic pressure 
actually decreased during pacing. More direct mea- 
surement of this effect could be obtained by transeptal 
measurement of atrial pressure or, less directly, of 
pulmonary wedge pressure. The former was considered 
contraindicated in these patients and the latter presents 
technical difficulties, especially during pacing. 
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Implications: The foregoing results apply only to the 
group of patients studied, that is, those with coronary 
artery disease, and only over a pacing range not inducing 
ischemia. Although we found no evidence of ischemia, 
severe abnormalities in the contraction pattern or an 
elevation in ventricular end-diastolic pressure, findings 
that suggest that this group could be akin to a normal 
group, such an extrapolation of our results is unwar- 
ranted. 
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Our results confirm in human subjects the findings 
of previous experimental work in dogs that ventricular 
relaxation extends into the filling phase, affecting 
pressure-volume relations, and that this extension in- 
creases with tachycardia. Because relaxation can be 
affected independently from contractility??3? and ex- 
tends to a large part of diastole, more work is required 
to understand its pathophysiologic consequences on 
diastole and overall hemodynamics. 
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The observed normal ranges for age- and weight-adjusted maximal oxygen 
uptake and age-adjusted maximal heart rate measured during the Bruce 
protocol are shown for 99 normal sedentary men. On the basis of obser- 
vations in 10 normal men, the relation between oxygen uptake and cardiac 
output (measured with the direct Fick principle) was used to estimate 
normal limits of maximal cardiac output and stroke volume for the 99 
normal sedentary men. These normal standards were then used to eval- 
uate the results of 77 studies in patients with coronary heart disease who 
had various clinical and angiographic findings and who performed 
symptom-limited upright exercise while cardiac output was measured 
using the direct Fick principle. Patients with angina and infarction showed 
the greatest impairment of age- and weight-adjusted maxima! oxygen 
uptake and age-adjusted maximal cardiac output, maximal heart rate and 
maximal stroke volume when compared with patients with angina or 
healed infarction alone. Arterial-mixed venous oxygen difference at 
maximal exercise was comparable in the three groups. The surgical cohort 
(studied after aortocoronary vein bypass grafting) had significantly higher 
maximal heart rates. Patients with an ejection fraction of less than 50 
percent had significantly impaired age-adjusted maximal cardiac output 
and stroke volume. 


Evaluation of functional limits of cardiac performance, especially 
maximal cardiac output in ambulatory patients with coronary heart 
disease, is difficult because of lack of normal standards in healthy persons 
with reference to age, physical activity status and gender. In an effort 
to provide guidelines, the well established relation of cardiac output to 
aerobic requirements of exercise!~* was used in conjunction with the 
available data on measured maximal oxygen uptake in healthy men to 
estimate maximal cardiac output and thereby provide approximate 95 
percent confidence intervals of normal variations with age. With the use 
of observed maximal heart rates, stroke volume was derived from esti- 
mated cardiac output. These estimated normal values apply to patients 
whose ages span 5 decades and thus permit estimates of age-adjusted 
relative limits of cardiac output in relation to the currently defined 
normal standards. These estimated values provide a framework by which 
observed values in patients with coronary heart disease may be appraised 
as percent of average, age-adjusted normal maximal values. Obviously, 
the preferred method would be to initiate studies in large numbers of 
healthy persons, but this procedure requires ethical approval, voluntary 
participation of subjects and extensive funding as well as considerable 
time to accomplish. Meanwhile, functional evaluations of patients with 
coronary artery disease are being conducted in relation to various types 
of medical treatment, aortocoronary bypass grafting and physical 
training or exercise conditioning of cardiac rehabilitation without the 
benefit of functional limits of age-adjusted normal reference stan- 
dards. 
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The results of this analysis indicate that established 
invasive methods during upright exercise on a treadmill 
are applicable for clinical utilization to ascertain the 
relative maximal cardiac output and stroke volume and 
the changes that may follow with appropriate treat- 
ment. 


Methods 


Normal subjects: A group of 10 asymptomatic normal men 
aged 20 to 64 years (mean 46) underwent exercise testing in 
which invasive measurements of cardiac output obtained with 
the direct Fick method were used to confirm the correlation 
between oxygen uptake and cardiac output at graded levels 
of submaximal and maximal exercise. These data provided 
a regression equation of the relation between oxygen uptake 
and cardiac output in our laboratory environment. 

Measurements of oxygen uptake were obtained at symp- 
tom-limited maximal exercise in the upright posture in 99 
asymptomatic sedentary men aged 20 to 73 years with no 
evidence of coronary heart disease as manifested clinically 
(that is, by history and physical examination) or on electro- 
cardiography or exercise testing. These data were then used 
to estimate the range of normal variation of responses to 
symptom-limited maximal exercise. T'he data were collected 
over a period of several years on normal subjects who volun- 
teered to undergo the test. “Sedentary” habitual activity was 
defined as lack of regular exercise at least once a week to an 
intensity and duration sufficient to induce perspiration to 
relieve the endogenous heat loads. All persons in the group of 
99 were sedentary on the basis of this definition. None of them 
received monetary inducements to participate. 

Patients: Sixty-two observations were made in 48 men with 
coronary heart disease manifested by angina pectoris or prior 
myocardial infarction, or both. Thirty-nine patients were 
studied on one occasion, four on two and five on three separate 
occasions. These 48 patients are designated the medical co- 
hort. An additional 15 patients studied after aortocoronary 
vein bypass grafting procedures constitute a surgical cohort. 
The mean ages at time of study were 57.2 + 8.6 years in the 
former group and 53.3 + 9.4 years in the latter. Of 46 arterio- 
graphic procedures undertaken in close temporal relation to 
the hemodynamic studies, 35 were performed in the medical 
cohort and 11 in the surgical cohort. In the medical cohort, 
patients were classified as sedentary and in 33 observations 
and as active in 29 observations; 25 had angina alone, 10 had 
a history of prior myocardial infarction and 27 had a combi- 
nation of both syndromes. No patient was currently being 
treated with propranolol. 

Treadmill exercise testing: Each person underwent a 
preliminary exercise test for measurement of maximal heart 
rate and oxygen consumption. Symptom-limited treadmill 
exercise testing was performed according to the Bruce pro- 
tocol. During exercise, cardiac rhythm and rate were moni- 
tored using a modified V5 chest lead (from V5 to inferior tip 
of right scapular) and blood pressure was measured with a 
sphygmomanometer. Expired air was collected each minute 
with a mouthpiece and one way valves connected by large bore 
tubing to a series of neoprene bags. Minute volume was mea- 
sured with a gasometer, which was frequently calibrated with 
a large Tissot spirometer. Oxygen content was estimated from 
aliquots of expired air using dual analysis with a Beckman O% 
analyzer (model E-2) before and after absorption of carbon 
dioxide. Details of methodology and reliability of technique 
were previously published.? 

Cardiac catheterization and oxygen uptake studies: 
The invasive studies in normal subjects and patients with 
coronary disease were carried out in an identical manner. On 
the day of invasive testing, the subject had a light breakfast 
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and no premedication was given. A Swan-Ganz catheter was 
passed with pressure monitoring through the left medial an- 
tecubital vein to the pulmonary artery. A short cannula was 
inserted into the left radial or brachial artery using the Sel- 
dinger technique. Mean arterial pressures, oxygen content of 
blood samples, oxygen uptake and heart rate were measured 
with the patient at rest in both the supine and sitting positions 
so that the changes could be determined in left ventricular 
preloads. Observations were then made at several levels of 
submaximal exercise during walking and, in some cases, 
during jogging at symptom-limited maximal exercise and at 
the 3rd and 5th minutes of recovery in the sitting position. In 
patients with severe cardiac limitations, exercise was com- 
menced at a work load requiring only 2 to 3 METS (multiples 
of resting oxygen consumption), which is less than 4 METS 
required for stage I of the conventional Bruce protocol. Si- 
multaneous pulmonary arterial and systemic arterial blood 
samples were collected in heparinized syringes during 15 to 
25 seconds at each period of observation for measurement of 
oxygen content using a Lex Os Con analyzer. Expired air was 
collected for 180 seconds at rest and for 60 seconds during 
exercise* and recovery. The correlation of measurements of 
maximal oxygen uptake during the preliminary exercise test 
and during cardiac catheterization was previously reported 
for a smaller group of patients with coronary heart disease, 
some of whom were included in this present study (n = 25,r 
= 0.95; the same applies to maximal heart rates recorded by 
the electrocardiogram [n = 25, r = 0.95]).? Pressure was re- 
corded with Ailtech (model MS10-7) transducers connected 
to a Honeywell oscillographic recorder. Mean pressures were 
measured by electrical integration. When the subject was in 
the supine position, 0 reference was 10 cm above the mattress, 
and when he was upright, it is adjusted to the level of the 
fourth intercostal space anteriorly. During exercise, the arm 
with the catheters was stabilized on a metal support, but the 
person was instructed not to lean on this for partial support 
of body weight. A 

Cardiac output (liters/min) was calculated by dividing 
oxygen consumption (liters/min) by arterial-mixed venous 
oxygen difference (ml/liter). Heart rate at each period was 
measured from 6 second strips of the electrocardiogram. 
Stroke volume (ml) was calculated by dividing cardiac output 
by heart rate. Pressure-rate product was the product of mean 
arterial pressure times heart rate X 1077; mean pressure was 
used to eliminate exaggerated pulse pressure changes obtained 
from a peripheral monitoring site and also variations with 
respiration. Systemic and pulmonary resistances (dynes s 
cm~°) were calculated by dividing the product of 80 cm and 
mean systemic arterial or mean pulmonary arterial pressures, 
respectively, by cardiac output (expressed in ml/min). 

The confidence intervals for the age-adjusted maximal 
oxygen uptake were derived by first obtaining the regression 
line for maximal oxygen uptake versus age and then deter- 
mining the interval + 2 standard deviations about the re- 
gression line. The confidence intervals for age-adjusted 
maximal heart rate were obtained in a similar fashion. 

Coronary arteriography was performed using either the 
Sones? or Judkins? technique. Ejection fraction and end- 
diastolic volume were calculated from the left ventricular 
angiocardiograms using previously described methods.!? 
Coronary arterial stenoses were considered significant if there 
was a 75 percent reduction in cross-sectional area. Wall motion 
was assessed visually and graded as normal, hypokinetic, 


` If the last sample at maximal exercise was 25 seconds or more, 
the observed oxygen uptake was extrapolated to 60 seconds. At peak : 
exercise, minute ventilation was sufficiently high so as to make a 25 
second collection accurate and reproducible. 
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TABLE | 
Physical and Hemodynamic Variables in 10 Normal Men 
Age Wt Ht VO» max FAI 
Case (yr) (kg) (cm) (ml/(kg X min) (?6) 
1 64 73.6 170 30.3 —4 
2 61 90.9 191 27.1 12 
3 38 76.8 180 44.4 5 
4 62 92.7 185 24.6 18 
5 59 92.0 183 41.2 =16 
6 47 83.2 185 48.9 —20 
7 24 69.8 178 62.1 ^" 
8 26 78.6 191 50.9 5 
9 54 95.9 183 33.2 9 
10 20 83.0 176 32.5 34 
Mean 46 83.7 182 39.2 4 
SD +17 +8.9 +7 +12.0 +16 


Q max HR max SV max P.,max Ppa max 
(L/min) (beats/min) (ml) (mmHg) (mmHg) 
13.4 156 85 113 24 
17.8 156 115 104 30 
19.4 190 102 100 24 
15.8 173 91 78 33 
21.1 167 127 133 36 
22.4 173 132 160 22 
24.9 188 133 127 25 
20.1 169 119 115 15 
19.2 154 125 108 31 
15.0 196 77 120 18 
18.9 169 114 117 26 

+3.5 +21 +25 +22 +7 


FAI = functional aerobic impairment; HR max = maximal heart rate; Ht = height; Ppa max = maximal mean pulmonary arterial pressure; Psa 
max = maximal mean systemic arterial pressure; Q max = maximal cardiac output; SD = standard deviation; SV max = maximal stroke volume; 


VO»; max = maximal oxygen uptake; Wt = weight. 


akinetic or dyskinetic in one or more regions of the left ven- 
tricle. 

Analysis of data: In order to compare results observed in 
subgroups of patients with ischemic heart disease of diverse 
ages, the observed values for maximal oxygen uptake, maximal 
cardiac output, maximal heart rate and maximal stroke vol- 
ume were expressed as a percent of corresponding age-pre- 
dicted values obtained from the normal population of 99 
subjects. The normal values were based on observed mea- 
surements of maximal oxygen uptake and heart rate and re- 
gression estimates of cardiac output and stroke volume. The 
derivation of normal standards is further explained under 
Results. In patients with coronary heart disease, maximal 
heart rate and stroke volume are recorded as the values at the 
time of maximal cardiac output. 


Normal standards: The observed maximal oxygen 
uptake (range 24.6 to 62.1 ml/kg per min) and cardiac 
output (range 13.4 to 24.9 liters/min) for the 10 normal 
subjects are listed in Table I. A total of 49 observations 
of cardiac output and oxygen uptake in these men were 
used for calculations of the regression equation for 
cardiac output (QÑ) and oxygen uptake (VO;). This 
relation is expressed as: 


Q = 5.31 + 4.6 (VO5) (1) 
with standard error of the estimate (SEE) = 1.24 and 


correlation coefficient (r) = 0.944. In Table II the 
physical characteristics, maximal heart rate and max- 
imal oxygen consumption for the 99 sedentary normal 
subjects are shown according to age by decade. 

Figure la shows the regression line for observed 
maximal oxygen uptake, weight-adjusted, versus age in 
the 99 normal sedentary healthy men. In add:tion, ap- 
proximate 95 percent confidence limits derived from 2 
standard deviations above and below the regression line 
are indicated. 

The estimated maximal cardiac output derived by 
regression on maximal oxygen uptake using equation 
(1) for the 99 normal men is plotted against age in Figure 
15. Relations between observed maximal heart rate and 
age are shown in Figure 1c and between estimated 
stroke volume (which represents estimated maximal 
cardiac output divided by observed maximal heart rate) 
and age in Figure 1d. 

Relation to clinical classification of coronary 
heart disease: In Figure 2, a to d, the observed values 
for maximal oxygen uptake, cardiac output, heart rate 
and stroke volume for patients in the medical cohort are 
indicated in relation to age and according to clinical 
classification of coronary disease syndromes. When the 
medical cohort was subdivided on the basis of clinical 
classification of coronary heart disease there were sig- 
nificant differences (p «0.005 to p «0.05) in functional 





TABLE Il 
Physical Characteristics and Exercise Responses* of 99 Asymptomatic Men 
Age Range Smoking! HR max VO» max 
(yr) n Wt (kg) Ht (cm) (96) (beats/min) (ml/kg per min) 
20-29 6 74.0 + 5.8 176.8 + 5.6 25 196 + 12 45.4 + 4.2 
30-39 8 89.9 + 14.5 182.6 + 3.8 50 187 + 13 40.5 + 6.4 
40-49 35 80.7 + 10.6 177.4 £7.5 48 181+ 11 397.7 £ 5.3 
50-59 28 78.1 X 6.5 176.8 + 5.4 41 172+ 10 34.7 + 6.1 
60-69 19 79.7+ 8.4 176.8 + 7.7 44 168 + 17 29.7+ 5.6 
70-79 3 72.3 + 11.6 175.3 + 8.4 50 114 + 11 17.0 42.4 
Overall 99 79.6 + 9.6 177.5 ż 6.8 44 175 + 18 35.4 £7.5 





* Mean + standard deviation; t Smoking status recorded in 66 percent of population. 
HR max = maximal heart rate; Ht = height; n = number of men; VO; max = maximal oxygen uptake; Wt = weight. 
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limits between the group with both myocardial infarc- 
tion and angina versus those with either angina alone 
or those with only myocardial infarction (Table III). 
Minor differences between those with only angina and 
the others with only myocardial infarction were not 
significant. No significant difference was present be- 
tween the mean values of arterial-mixed venous oxygen 
difference for the three classifications. Inasmuch as the 
percent of maximal heart rate in the surgical cohort was 
significantly higher than that of the medical cohort 
(Table III), data in the postoperative patients more 
closely approximated normal standards. No differences 
in the cardiac variables were found in the medical cohort 
when it was subdivided in relation to classification of 
physical activity status. There was, unexpectedly, no 
significant difference in mean arterial-mixed venous 
oxygen differences. 

Relation to arteriographic and ventriculo- 
graphic findings: The variations in functional limits 
of cardiac responses with respect both to coronary ar- 
teriographic lesions and to left ventricular function at 
rest are shown in Table IV. Functional differences at 
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maximal exercise were not significant for clinically 
significant single, double or triple vessel coronary artery 
disease. When the medical cohort was subdivided ac- 
cording to ejection fraction, those with an ejection 
fraction of less than 50 percent had a significantly lower 
maximal cardiac output (p <0.05) and maximal stroke 
volume (p = 0.05) (Figures 3, a to d). Furthermore, no 
patient achieves a normal maximal oxygen uptake. 
Thus, the functional limits of cardiac performance vary 
with levels of left ventricular function at rest, rather 
than with the number of significantly stenosed or oc- 
cluded coronary arteries, or both. When the exercise 
responses are analyzed on the basis of wall motion ab- 
normalities at rest, as seen in the ventriculogram, sig- 
nificant differences are not present for heart rate, oxy- 
gen uptake or maximal cardiac output. Stroke volume 
is significantly less in the persons with one or more hy- 
pokinetic segments than in those with no abnormalities. 
Estimated normal stroke volume in the two groups is, 
respectively, 71 + 7 and 88 + 11 percent (p <0.005). 
Because of the small number of postoperative and 
serial studies on medical management, changes in 
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FIGURE 1. Observations in 99 healthy, sedentary men. a, relation of observed maximal oxygen uptake (VO. max), weight-adjusted, to age. The 
95 percent confidence intervals are represented by + 2 standard deviations (SD). Additional standard deviations are shown to illustrate the relative 
magnitudes of impairment. The standard deviation for oxygen uptake is 5.7 ml/kg per min. b, relation of estimated maximal cardiac output (Q max) 
to age. The 95 percent confidence intervals are represented by + 2 standard deviations. The standard deviation for cardiac output is 2.15 liters/min. 
c, relation of observed maximal heart rate (HR max) to age. The 95 percent confidence intervals are represented by + 2 standard deviations. The 
standard deviation for. heart rate is 14 beats/min. d, relation of estimated stroke volume (SV) (estimated cardiac output divided by heart rate) to 
age. The 95 percent cohfidence intervals are represented by + 2 standard deviations. The standard deviation for stroke volume is 12.7 ml. r = 


correlation coefficient. ` 
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relation to the extent of revascularization and to varying 
kinds of medical management do not permit meaningful 
statistical analysis. 


Discussion 


Limitations of study: The study design has certain 
limitations in terms of accurately defining normal 
standards. The diagnosis of normal was based on the 
absence of cardiac symptoms, normal physical exami- 
nation and normal electrocardiogram at rest. No subject 
experienced angina during exercise testing or had 
ischemic S-T depression. Coronary arteriography was 
not performed in the hormal subjects. The normal range 
and variability of cardiac output may be underesti- 
mated because the relation between oxygen uptake and 
cardiac output was derived from multiple observations 
in a small number of patients. The high correlation of 
oxygen consumption and cardiac output has previously 
been observed by others.!~4 | 

Magnitude of normal variation in aerobic work 
in normal sedentary men: As expected by statistical 
definition, only five observations of maximal oxygen 
uptake in 99 men were either at or just beyond the 95 
percent confidence intervals (Fig. 1a). Subnormal values 
for maximal oxygen uptake, weight-adjusted, were 
below 35 ml/(kg X min) at 40 years of age and below 18 
ml/(kg X min) at 70 years of age. Translated into 
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physical work loads of the Bruce protocol for multistage 
treadmill testing of symptom-limited (not target heart 
rate end points) maximal exercise, this is equivalent to 
inability to complete stage III for the younger men and 
to inability to complete only stage I for the older men. 
Not only is this virtually a twofold difference in capacity 
for aerobic work in relation to age, but also it represents 
a difference of 6 minutes in duration of more strenuous 
exertion with this protocol for stress testing. Thus, it is 
important to realize the substantial magnitude of nor- 
mal variation in healthy sedentary men and the need to 
define normal standards, adjusted for both body weight 
and „age, in order to assess adequately the functional 
limits of ambulatory patients with coronary heart dis- 
ease. 

Normal limits of cardiac output and stroke out- 
put: There was also considerable variation in healthy 
men with respect to observed maximal heart rates and 
estimated or derived maximal cardiac output and stroke 
volume. However, it is important to note that these 
variables were derived without regard to any observed 
differences in arterial-mixed venous oxygen difference, 
the variable representing the rate of peripheral ex- 
traction of oxygen per liter of available blood flow. A 
critical step in this estimation of normal limits of max- 
imal cardiac output is the use of Equation (1), which is 
derived from observations of cardiac output and oxygen 
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FIGURE 2. Results in patients with coronary heart disease (medical cohort) plotted in relation to age and clinical classification. a, maximal oxygen 
uptake (VO2 max). Solid triangle = angina; open triangle = myocardial infarction; square = both angina and myocardial infarction. The normal 
range (based on values + 2 standard deviations) for VO; max in healthy men, as illustrated in Figure 1a, is shaded. b, maximal cardiac output (Q 
max). The estimated normal range for Q max from Figure 1b is shaded. c, maximal heart rate (HR max). The normal range for this variable from 
Figure 1c is shaded. d, stroke volume (SV) at Q max is plotted against age. The estimated normal range for SV max from Figure 1d is shaded. 
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uptake during upright exercise. Nevertheless, the as- 
sumption of a constant arterial-mixed venous oxygen 
difference is justified by the high correlation between 
cardiac output and oxygen observed here and previously 
reported from this laboratory!! and from those of oth- 
ers.^?4 It is, of course, important to have tentative 
guidelines, even if they are only approximations of 
normal standards, in order to appraise more realistically 
the functional limits of a patient with an ischemic or 
infarcted myocardium, or both. Hanson et al.!? reported 
a slight decrease in cardiac output with advancing age, 
but their observations were limited to men in the 5th 
decade. Others!? studied middle-aged athletes with 
upright bicycle exercise and reported considerably 
higher cardiac output than we predict. This in part re- 
flects the use by these investigators of dye-dilution 
curves for measurement of cardiac output. 'T'his method 
overestimates cardiac output during exercise,!4 espe- 
cially when large flows are involved.!? Furthermore, 
during exercise, determinations of cardiac output by 
dye-dilution curve methods can vary as much as 30 
percent, depending on variations in the sampling site.!6 
In our laboratory we have experienced similar problems 
when dye-dilution and particularly when thermodilu- 
tion techniques are used to measure cardiac output 
during exercise. The exact measurement of both arterial 
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and mixed venous oxygen contents gives additional 
information concerning diverse mechanisms involved 
in circulatory adaptation in individual patients after 
interventions such as physical training!’ or treatment 
with propranolol. 

Limits of cardiac output in patients with coro- 
nary disease: Examination of the age-adjusted relative 
values for the functional limits of cardiac output shows 
the highest value (77 percent) in patients with healed 
myocardial infarction, a slightly lower value (71 percent) 
for patients with angina pectoris and the lowest value 
(56 percent) in patients with both prior infarction and 
angina (Table II). Of the two components of cardiac 
output (namely, stroke volume and heart rate) the 
highest relative maximal heart rates (92 percent) were 
found in patients with only prior infarction. In contrast, 
higher relative stroke volumes were found in patients 
with only angina pectoris or only prior infarction (85 
percent and 83 percent, respectively). Thus, the reduced 
chronotropic capacity in patients with either infarction 
or angina was not as great as in patients with both an- 
gina and infarction. With the combination of both an- 
gina and myocardial infarction, relative stroke volume 
was also substantially reduced. Peripheral extraction 
of oxygen was similar in the three groups. 
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FIGURE 3. Results in patients according to ejection fraction and age. a, maximal oxygen uptake (VO2 max). Open circle = ejection fraction of 50 
percent or more; half-solid circle = ejection fraction less than 50 percent. The normal range for VO» max from Figure 1a is shaded. b, maximal 
cardiac output (Q max). EF — ejection fraction. The normal range for estimated Q max is shaded. c, maximal heart rate (HR max). The normal range _ 
for HR max from Figure 1c is shaded. d, stroke volume (SV) at Q max. The normal range for SV max from Figure 1d is shaded. 


210 August 1980 The American Journal of CARDIOLOGY Volume 46 


The relative values of functional limits of cardiac 
output and heart rate were lower in sedentary than in 
physically active patients. This finding suggests a pos- 
sible effect of selection in that men with greater cardiac 
capacity may also be more active. However, this effect 
does not apply to relative stroke volume because the 
average value (79 percent) was the same in both groups. 
The arterial-mixed venous oxygen difference was 
slightly higher in the active group, but an even greater 
difference might have been anticipated. It should be 
remembered that the group!? that showed a marked 
increase trained regularly three or four times a week, 
which greatly exceeds the amount required to be clas- 
sified as active. 

Consistent with numerous other observations,!?:29 the 
relative maximal heart rate of 91 percent in the surgical 
cohort of coronary patients was significantly higher than 
the 82 percent rate observed in the medical cohort. 

Correlation with coronary angiographic find- 
ings: Although somewhat unexpected in relation to 
conventional concepts about severity of coronary heart 
disease, there were no significant differences in the 
functional limits of age-adjusted maximal oxygen up- 
take, maximal heart rate, cardiac output or stroke vol- 
ume with reference to number of coronary arteries with 
at least 75 percent reduction in cross-sectional area 
(Table IV). If the number of patients in each morpho- 
logic category had been larger, it is possible that sig- 
nificant differences, particularly in relative stroke vol- 
ume, might have been found. Whereas relative maximal 
cardiac output and stroke volume were significantly 
lower in patients with a resting ejection fraction lower 
than 50 percent, the differences in relative maximal 
oxygen uptake and in relative maximal heart rate were 
not significant between these subgroups. In this context, 
the lower mean ejection fraction (55 + 14) in the group 
with prior myocardial infarction and angina may ac- 
count for the lower maximal cardiac output when 
compared with the mean ejection fraction of 64 + 6 (p 
<0.05) in the group with angina alone. These differences 
were not meaningful in relation to the few patients with 
some dilatation of the heart or increased left ventricular 
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preload or end-diastolic filling pressure. Nonetheless, 
the average relative values for these variables in the 
various subgroups ranged from 46 to 85 percent of the 
age-adjusted normal values. 

These observations are consistent with the impor- 
tance of ejection fraction to prognosis reported by 
Hammermeister et al.,?! but it must also be noted that 
radionuclide estimates of ejection fraction are often 
lower during exercise than at rest in patients with cor- 
onary disease. Hence, separation of such patients on the 
basis of ejection fraction during exercise should reveal 
even greater and more significant differences in maxi- 
mal cardiac output and stroke volume. 

Effect of medical and surgical therapy: The po- 
tential value of expressing maximal cardiac output in 
terms of percent of age-adjusted estimated normal 
cardiac output is further illustrated in Table V, which 
shows the results of various interventions on maximal 
cardiac output.17.1522-28 All but one study?’ involved 
persons with clinically manifest coronary artery disease. 
The isolated case report?? of a normal man who jogged 
across the United States shows that, although the ob- 
served maximal cardiac output was almost twice that 
of patients with coronary disease, when this value is 
expressed as a percent of age-adjusted estimated 
normal cardiac output, the magnitude of the difference 
is greatly reduced. The changes resulting from training 
or various forms of medical intervention were quite 
small. There is a striking difference in the degree of 
improvement in the larger series?6 of patients under- 
going successful aortocoronary bypass surgery for an- 
gina and in two case reports.?^?9 Several of the patients 
with angina continued to exhibit postoperative evidence 
of ischemia during treadmill testing. The improvement 
in maximal cardiac output during upright bicycle ex- 
ercise in a series of patients operated on for angina was 
greatest in those in whom all grafts were patent, but 
there was no change in those in whom all grafts were 
closed.?? Thus, the greatest change toward the normal 
expected range is achieved by effective revascularization 
of a heart that is ischemic or infarcted, or both. We are 
now undertaking further studies to ascertain the 


Effect of Various Interventions on Maximal Cardiac Output and Percent of Estimated Normal Cardiac Output During Upright 


Exercise on a Treadmill 


Intervention Ref n 


Bed rest 22 5 
Jogging across America 23 1 
Training more than 2 yr 17 0 
Ouabain (IV, 0.005 mg/kg) 24 8 
Propranolol (oral, 40 mg) 18 14 
Mannitol (IV, 12-25 g) 25 9 
Aortocoronary vein bypass grafting for angina 26 0 
Aortocoronary vein bypass grafting for 27 1 
exertional hypotension 
Aortocoronary vein bypass grafting with 28 
reversal of segmental wall abnormalities 


Maximal Cardiac 96 eo jen 
Output (l/min Normal Q Max 
. tput (mn —— Change 
Before After Before After (96) 
14.1 13.5 80.6 77.2 —3.4 
25.0 24.2 111.5 107.8 —3.7 
12.4 11:3 76.2 70.9 —5.3 
12.7 12.6 74.8 74.2 —0.6 
153.1 10.8 68.5 66.4 —2.1 
12.9 13.5 74.2 77.6 T3.4 
12.8 13.6 75.4 80.1 +4.7 
12.5 14.7 78.9 92.9 +14.0 
7.4 10.4 47.9 67.3 +19.4 


IV = intravenously; n = number of observations; Q max = maximal cardiac output; Ref = reference. 
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frequencies and variability of this response as well as to 
determine the relation to subsequent survival. In rela- 
tion to average change in estimated maximal cardiac 
output (Fig. 2), a 10 percent reduction is equivalent to 
the change expected with 14 years of aging. The corol- 
lary of this might be that with a 10 percent increase in 
maximal cardiac output with effective surgical treat- 
ment, survival should be extended. This hypothesis is 
now under investigation in this laboratory. 
Implications: With the derivation by means of the 
Bruce protocol of approximate, age-adjusted normal 


standards for maximal cardiac output, stroke volume 
and heart rate at maximal exertion, the observed values 
in ambulatory patients with coronary heart disease can 
now be appraised in relation to expected average normal 
limits of sedentary healthy men. Thus, cardiac perfor- 
mance can be expressed as a percent of age-adjusted 
estimated normal values. Then functional differences 
in performance of persons of diverse ages may be com- 
pared and changes that result from various types of 
intervention may be differentiated from the important 
influence of the aging process. 
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The left ventricular response to volume loading and graded supine bicycle 
exercise (3 minutes at 15, 45 and 90 watts) was assessed in nine long- 
term (more than 1 year) cardiac transplant recipients. Computer-aided 
fluoroscopy of radiopaque myocardial markers implanted in the left 
ventricle at the time of surgery was used to measure left ventricular dy- 
namics. Pulmonary arterial and left ventricular pressures were monitored. 
Plasma norepinephrine was measured by radio-enzymatic assay at each 
level of exercise. 

Early in exercise mean end-diastolic volume (six patients) increased 
from a resting value of 125 to 138 ml (p <0.02) at the 45 watt level, then 
decreased to 121 ml at the 90 watt level. End-systolic volume decreased 
from 68 to 63 ml and then to 49 ml (p <0.01) at corresponding exercise 
levels. Stroke volume increased from 57 to 76 ml (p «0.01) then declined 
slightly to 71 ml (p «0.02 for increase relative to resting value). Heart rate 
increased gradually from 102 to 116 beats/min (p «0.05) and then rapidly 
to 140 beats/min (p «0.01). Thus cardiac output increased significantly 
at all levels of exercise from 5.7 liters/min at rest, to 6.5 at 15 watts (p 
<0.02), to 8.7 at 45 watts (p <0.01) and to 10.0 liters/min at 90 watts (p 
« 0.01). Plasma norepinephrine increased slowly from 233 pcg/mi at rest 
to 460 at 45 watts, then rapidly to 1,970 pcg/ml at 90 watts. Increases 
in velocity of circumferential fiber shortening (Vcf) and heart rate were 


correlated with increasing norepinephrine concentrations (r — 0.92 for 


Vcf; r — 0.79 for heart rate). A functioning Frank-Starling mechanism was 
demonstrated in seven patients with volume loading by leg elevation re- 
sulting in significant increases in end-diastolic volume, stroke volume and 
cardiac output in the absence of any increase in heart rate. Thus, cardiac 
output increases in the transplanted heart were brought about early in 
exercise by augmented preload and the Frank-Starling mechanism, and 
later in exercise by chronotropic and inotropic influences of increased 
circulating catecholamines. 


Since the advent of clinical cardiac homotransplantation more than a 
decade ago, the circulatory adjustment necessary to meet the demands 
of the host during exercise has remained a subject of intense interest and 
speculation. In the normally innervated heart, an increase in cardiac 
output in response to exercise is brought about by a significant increase 
in heart rate, with or without increases in stroke volume.!-!? However, 
in the denervated heart, the cardioacceleratory response to exercise is 
delayed,!!-13 yet cardiac output still increases on demand.512?.14-16 

It has been hypothesized that early in exercise, the denervated heart, 
in the absence of immediate cardioacceleratory sympathetic stimulation, 
increases stroke volume by utilizing the Frank-Starling mechanism of 
increased preload to augment stroke volume,’ and at higher work loads 
responds to increased circulating norepinephrine with tachycardia, which 
increases cardiac output to a level adequate for the metabolic de- 
mand.!?.!? 
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In the present study of cardiac transplant recipients 
we used radiopaque intramyocardial markers to assess 
left ventricular volume and contractile velocity and 
performed a radioenzymatic assay of fractionated 
plasma norepinephrine. Our data demonstrate a func- 
tioning Frank-Starling mechanism in the denervated 
heart and provide evidence for the validity of this hy- 
pothesis. 


Patient selection: Nine long-term cardiac transplant re- 
cipients ranging in age from 34 to 55 years were studied. Ra- 
diopaque myocardial markers had been implanted into the 
donor left ventricle at the time of surgery to allow fluoroscopic 
analysis of postoperative left ventricular dynamics. Patients 
were studied in a fasting state from 12 to 61 months postop- 
eratively at the time of routine annual evaluation. They had 
been free of rejection for at least 3 months, as documented by 


30? right anterior oblique projection. 'The markers were in- 
serted into the mid wall of the left ventricular myocardium 
to a depth of 5 mm below the epicardial surface. Two silver- 
tantalum clips had also been attached to the adventitia of the 
aorta above the level of the aortic valve to delineate its anterior 
and posterior aspects. Heart rate was obtained from the 
electrocardiographic signal. Arterial blood samples were ob- 
tained for norepinephrine assay. 

Control pressure and fluoroscopic measurements were 


Methods obtained with the patient rotated to the 30? right anterior 
oblique position with the feet down. The acute effects of vol- 


clinical, laboratory, echocardiographic and endomyocardial 


biopsy findings.!? Thus, hemodynamic and left ventricular 
dimensional observations in these patients can be considered 
representative of the functional capacity of the transplanted 
human heart in the late postoperative period. All patients were 
engaged in regular vigorous daily exercise programs. All were 


considered fully rehabilitated from a functional standpoint 


and all were pursuing their pretransplantation vocation or had 
retired and were recreationally active. Informed consent was 
obtained from all patients, and no complications resulted from 
any of the procedures. 

Experimental protocol: Right and left heart catheter- 
ization was performed with each patient supine in a rotating 


cradle. Pulmonary arterial and left ventricular pressures were 


measured using fluid-filled catheter manometer systems and 
a strip chart recorder. Quantitative determination of left 
ventricular volumes, ejection fraction, cardiac output, seg- 
mental wall motion and velocity of circumferential fiber 
shortening (Vcf) were obtained by computer analysis of video 
recordings of myocardial marker fluoroscopic data with res- 
piration suspended at end-inspiration.!? 

Seven markers had previously been placed in each patient 
at the time of cardiac transplantation: one at the left ven- 
tricular apex, and two rows of three markers each at ap- 
proximately equidistant points from the apex to the base along 
both the anterolateral and inferior margins of the left ven- 
tricle, so that the left ventricular chamber was outlined in the 


TABLE | 
Control Values 


ume loading brought about by abrupt elevation of both legs 
were measured in seven patients. The effects of supine mul- 
tistage exercise (3 minutes at 15, 45 and 90 watts) on a bicycle 
ergometer were assessed in six patients. Immediately after 3 
minutes of exercise at each level, pressure and fluoroscopic 
measurements were taken in the 30? right anterior oblique 
projection with the patient's feet down. A rest period of 1 
minute was allowed between exercise levels. 
Each patient had been pretested in supine bicycle exercise 
on the previous day to permit him to become familiar with the 
procedure. This pretesting established that the 90 watt work 
load was close to the patients' symptom-limited end point, 
which in all cases was leg fatigue, general weakness or 
dyspnea. 
Data acquisition and analysis: Plasma norepinephrine 
was measured by radic-enzymatic assay using a modification 
of the method of Passen and Peuler.”° The sensitivity of the 
assay is 3 to 5 pcg/ml. Blood samples were immediately spun 
in a refrigerated centrifuge and plasma was separated before 
snap freezing. Duplicate determinations were performed on 
each plasma sample. 
Fluoroscopic images of the mid wall radiopaque markers 
and the two silver-tantalum clips were recorded on an Ampex 
DR10A video disc recorder at 30 frames/s.!9? Correction of 
image magnification was based upon results of fluoroscopy - 
of a lead grid containing 1 cm squares placed at the level of the 
left ventricle as determined echographically. Video recordings 
were replayed in a frame by frame manner and the (X, Y) 
coordinates of the marker images were identified with a 
computerized light-pen system. After correction for magni- 
fication, marker image coordinates were transmitted through 
a high speed telephone data link to a CDC 6400 digital com- 
puter for further processing. Instantaneous myocardial dy- 
namics and left ventrieular volumes were calculated as pre- 
viously described.!??! Volumes were calculated with the single 





Case* 


DOnNOnSLWH = 


Mean 
+SD 


Va ecu 1 to 7 underwent volume loading, Patients 4 to 9 exercise studies. 
Qo - 


214 


Heart PAP LVP PVR 

Rate (s/d/m) (s/d) (Wood CO 
(beats/min) (mm Hg) (mm Hg) units) (liters/min) 

97 20/10/14 113/10 2.0 4.5 
85 29/10/18 115/ 7 — 3.1 
100 20/ 6/11 110/ 9 1 5.0 
105 20/ 9/14 105/11 1.2 4.3 
109 18/70/13 101/ 5 1.8 4.4 
109 22/ 8/15 102/ 5 — 4.9 
100 25/11 130/ 5 1.3 7.5 
102 17/ 9 135/ 8 0.8 6.6 
85 20/ 7 112/14 — 6.4 
99 21/ 9/14 114/ 8 1.4 5.2 
9.3 3.7/1.6/2.2 12/ 3 0.4 1.4 


LVEDV 


(ml) 


LVESV 


(mi) 


sovsgogesssss 


LVSV 


(ml) 


Vcf 
EF (circ/s) 

0.52 0.63 
0.43 0.77 
0.66 0.95 
0.46 0.73 
0.36 0.58 
0.58 0.80 
0.43 0.82 
0.44 0.65 
0.52 0.74 
0.49 0.74 
0.29 0.11 


[NE] 
(pcg/ml) 


cardiac output; d — diastolic; EF — ejection fraction; LVEDV - left ventricular end-diastolic volume; LVESV - left ventricular end-systolic 
volume; LVP = left ventricular pressure; LVSV = left ventricular stroke volume; m = mean; [NE] = norepinephrine concentration; PAP = pulmonary 
artery pressure; PVR = pulmonary vascular resistance; s = systolic; Vcf = velocity of circumferential fiber shortening. 
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plane area-length method of Sandler and Dodge? and cor- 
rected for the volume of muscle included within the outline 
of the markers using a previously derived regression equa- 
tion.?! Velocity of circumferential fiber shortening (Vcf) was 
computed as the shortening rate of the mean ventricular di- 
ameter during the first 167 ms of systole and normalized to 
the end-diastolic dimension. The accuracy and reproducibility 
of these variables have been previously reported.!? 

Two to four complete cardiac cycles were analyzed for the 
control and feet-up volume-loaded conditions and each ex- 
ercise level. Statistical significance of the changes from control 
values was assessed using Student's t test for paired obser- 
vations. 


Results 


Resting hemodynamics: The results of control 
measurements in the supine position are summarized 
in Table I. Sinus rhythm without respiratory variation 
was present in all patients. The relatively high control 
heart rate (mean 99) and relatively small left ventricular 
end-diastolic volume (mean 111 ml) were typical of 
values encountered in the denervated transplanted 
heart at rest. Intracardiac pressures, pulmonary vas- 
cular resistance and cardiac output were all within the 
normal range. Resting plasma norepinephrine values 
averaged 278 pcg/ml. 

Volume loading: Elevation of the legs in Patients 1 
to 7 (Table I) resulted in an immediate increase in 
end-diastolic volume from a mean of 101 to 110 ml 
(probability [p] «0.01) (Fig. 1). This increase in end- 
diastolic volume and the absence of any significant 
change in end-systolic volume resulted in an increase 
in stroke volume from 48 to 54 ml (p «0.01). Because 
heart rate was unchanged (Fig. 2) mean cardiac output 
increased from 4.8 to 5.4 liters/min (p <0.05). Although 
velocity of circumferential fiber shortening increased 
in six of seven patients, the increase in the mean from 
0.75 to 0.84 circumferences/s was not significant (p 
«0.1) (Fig. 2). Mean left ventricular end-diastolic 
pressure increased from 7.4 to 9.4 mm Hg (p <0.01) in 
association with the increase in end-diastolic volume at 
a time when left ventricular systolic pressure was un- 
changed. 
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HR (beats/min) 
LVEDP (mmHg) 


p<.01 NS 
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FIGURE 2. Changes in heart rate (HR), left ventricular end-diastolic 
pressure (LVEDP), and velocity of circumferential fiber shortening (Vcf) 
accompanying volume loading by leg elevation. 
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FIGURE 1. Changes in end-diastolic volume (EDV), end-systolic volume 
(ESV) and stroke volume (SV) accompanying volume loading by leg 
elevation. In all figures, solid lines = individual patient data; dashed 
lines = group mean; NS = not statistically significant (probability [p] 
>0.05) relative to control values (0 work load). 


Response to exercise: Left ventricular responses to 
graded supine bicycle exercise are illustrated in Figures 
3 through 6. The mean value at rest for left ventricular 
end-diastolic volume of 125 ml increased slightly to 129 
ml after 3 minutes of exercise at 15 watts (difference not 
significant [NS]), then increased to 138 ml after 3 
minutes at 45 watts (p «0.02) and decreased at peak 
exercise to 121 ml (NS versus control value) (Fig. 3). 
Concomitantly, stroke volume (Fig. 4) increased from 
a control value of 57 to 63, 76 (p <0.01) and 71 ml (p 
«0.02) at the three exercise levels, respectively. The 
increase in stroke volume was maintained (p <0.01) at 
the 90 watt level despite a reduction in end-diastolic 
volume because there was a significant reduction in 
end-systolic volume. Although changes in stroke volume 
and heart rate were not significant in early exercise (Fig. 


EDV (ml) 


ESV (ml) 
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FIGURE 3. End-diastolic volume (EDV) and end-systolic volume (ESV) 
before and after 3 minutes of exercise at external work load of 15, 45 
and 90 watts. 
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FIGURE 4. Cardiac output (CO), heart rate (HR) and stroke volume (SV) 
before and after 3 minutes of exercise at external (EXT.) work load of 
15, 45 and 90 watts. 


4), their combined effects resulted in a significant in- 
crease in cardiac output at the 15 watt level (p <0.02). 
Cardiac output, averaging 5.7 liters/min in the control 
condition, increased to 6.5 at the 15 watt level (p <0.02), 
to 8.7 at the 45 watt level (p <0.01) and to 10.0 liters/min 
at the 90 watt level (p <0.01). Heart rate increased 
slowly during the initial levels of exercise and then ac- 
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FIGURE 5. Fractionated plasma norepinephrine concentration (NE) 
before and after 3 minutes at each level of exercise. 


celerated to a peak heart rate of 140 beats/min (p 
<0.01), which caused an increased cardiac output de- 
spite the small decline in stroke volume at this time (Fig. 
4). 

Figure 5 shows levels of circulating norepinephrine 
as a function of external work load. Norepinephrine 
levels averaged 233 pcg/ml at rest, rose slightly (NS) at 
the 15 watt level and increased to 460 at the 45 watt level 
(p <0.01), reaching 1,970 pcg/ml at the 90 watt level (p 
<0.01). A close relation was observed between circu- 
lating norepinephrine levels and both heart rate (r = 
0.79) and Vcf (r = 0.92). From a mean resting value of 
0.72 circumferences/s, Vcf increased steadily through- 
out all levels of exercise (Fig. 6). 


Discussion 


Exercise response of the autotransplanted canine 
heart: The earliest reported studies of the exercise re- 
sponse of the denervated heart were performed in dogs, 
with denervation achieved by regional neural ablation, 
autotransplantation or littermate homotransplantation. 
Daggett et al.2° compared the work capacity and effi- 
ciency of the normal and the autotransplanted canine 
heart and concluded that the totally extrinsically de- 
nervated cardiac autotransplant can achieve a level of 
performance similar to that of the normal canime heart, 
but is less efficient in so doing. Donald and Shepherd!4 
demonstrated in regionally cardiac-denervated dogs no 
deterioration in exercise capacity, as judged by the 
relation of cardiac output to increased oxygen con- 
sumption (a 4-fold increase in cardiac output and 10- 
fold increase in oxygen consumption). The most striking 
difference between the denervated and the normal ca- 
nine heart in response to exercise was the manner in 
which the increase in cardiac output was achieved. An 
increase in heart rate predominated in the normally 
innervated heart, whereas increases in stroke volume, 
particularly during mild and moderate exercise, were 
most important in the denervated canine heart. Later 
studies?* demonstrated that beta receptor blockade in 
the denervated trained racing greyhound markedly 
impaired exercise performance. 'This observation in- 
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FIGURE 6. Velocity of circumferential fiber shortening (Vcf) before and 
after 3 minutes at each level of exercise. 
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dicates strong dependence on adrenergic mechanisms 


during such stress—presumably mediated by circulat- 


ing catecholamines. 

Exercise responses of the human cardiac trans- 
plant recipient: The first hemodynamic evaluations 
during exercise in human cardiac transplant recipients 
were reported by Carleton et al.!5 Their data suggested 
that cardiac performance at rest and with mild exercise 
could vary appropriately with oxygen demand in the 
absence of innervation, and was regulated almost ex- 
clusively by variations in left ventricular filling. 
Leachman et al.!! likewise noted near-normal resting 
hemodynamics in human cardiac recipients and de- 
scribed delayed but normal increases in heart rate 
during several minutes of moderate exercise, an obser- 
vation that suggested a response to circulating cate- 
cholamines of extracardiac origin. Campeau et al.,!6 on 
the other hand, reported abnormalities of left ventric- 
ular function both at rest and during exercise in cardiac 
transplant patients. Specifically, he noted an abnor- 
mally high left ventricular end-diastolic pressure and 
subnormal changes in left ventricular stroke work and 
tension-time indexes in response to moderate exercise. 
Pump failure and sympathetic denervation in them- 
selves were considered possible causes of depressed 
performance. However, all of these studies were carried 
out in the early postoperative period and consequently 
cannot be assumed to characterize long-term cardiac 
graft function. 

In a review of the initial Stanford University cardiac 
transplant experience, the results of exercise studies in 
eight 1 year survivors were reported.!? Upright bicycle 
exercise studies confirmed the ability of the trans- 
planted heart to increase its rate in response to mod- 
erate exercise but documented an abnormal pattern of 
cardio-acceleration: higher than normal heart rate at 
rest (denervated state), delayed gradual achievement 
of maximal heart rate during exercise and very gradual 


decrease during recovery. Cardiac catheterization 


studies performed in these same survivors showed 
nearly normal resting hemodynamics with the exception 
of a borderline low cardiac output and concomitantly 
widened arteriovenous oxygen difference. During 
graded supine bicycle exercise, the response of the 
transplanted heart was shown to deviate significantly 
from that of hearts with intact neural control..Left 
ventricular end-diastolic pressure in the transplanted 
heart rose from a normal level of 12 at rest to 21 mm Hg 
4 to 6 minutes after the start of submaximal exercise and 
then decreased to 17 mm Hg after 8 minutes of exer- 
cise. 

Augmented preload and Frank-Starling princi- 
ple during exercise in subjects with a denervated 
heart: The volume-loading trials in the present study 
provide an in vivo demonstration of the Frank-Starling 
principle.2526 Leg elevation did not result in reflex in- 
crease in heart rate, unlike that observed in subjects 
with intact neural controls. Similarly, neurally mediated 
changes in contractility were absent as a result of de- 
nervation. Thus, increases in left ventricular end-dia- 
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stolic volume enhanced stroke volume independent of 
changes in inotropic state or heart rate. 

The present study shows that increases in cardiac 
output, observed in transplant recipients, occur early 
in exercise at low work loads as a result of augmented 
preload and the Frank-Starling mechanism. At higher 
work loads later in exercise, cardiac output increases 
because of a combination of chronotropic and inotropic 
influences that are correlated with steeply rising levels 


of circulating norepinephrine. Similar increases in 


cardiac output at peak exercise were reported by 
McLaughlin et al.$ in an earlier study that did not in- 
clude either intermediate exercise levels or plasma 
norepinephrine measurements. 

The unique dependence of the transplanted heart on 
preload as a means of increasing output in response to 
low work loads is distinctly different from the behavior 
of the neurally intact heart in which heart rate and 
contractility changes are paramount during early ex- 
ercise. Supine exercise in cardiac-innervated subjects 
increases end-diastolic dimensions only at peak exercise; 
this is consistent with the conclusion that the Frank- 
Starling mechanism is important in such subjects only 
with severe exertion.9?" In contrast, subjects with de- 
nervated hearts exhibit increased end-diastolic volume 
at low exercise levels, followed by a decline at peak ex- 


ercise, reflecting delayed assertion of chronotropic and 


inotropic influences. 

Role of increased catecholamines during exer- 
cise: The responses of both heart rate and Vcf corre- 
lated with circulating plasma norepinephrine levels. 
These data regarding the relation of circulating nor- 
epinephrine levels to the time course of exercise re- 
sponse constitute the first direct demonstration of a 
humoral adrenergic mechanism underlying the adap- 
tation of the transplanted human heart to vigorous ex- 
ercise. This response may be enhanced by the known 
increased sensitivity of the denervated heart to cate- 
cholamines.1415.17 

The participation of peripheral regulatory factors has 
been shown to be important in the cardiac output re- 
sponse to exercise in subjects with intact neural con- 
trol.28 Thus, the onset of muscular activity is associated 
with a rapid decrease in aortic outflow impedance 
largely due to vasodilatation in exercising muscle?? with 
translocation of blood volume from the peripheral to the 
central circulation. Clark et al.!2 have shown that similar 
peripheral mechanisms are operative in transplant re- 
cipients. 

The resting norepinephrine levels in our patients were 
within the normal range established for subjects with 
intact neural control.399 Such subjects have been shown 
to increase plasma norepinephrine concentrations as a 
function of the relative work load imposed.?!-3?? Davies 
et al.34 found that, during exercise requiring less than 
75 percent of maximal oxygen consumption, norepi- 
nephrine increased slowly, then increased rapidly at 
maximal and supramaximal loads in subjects with a 
normal heart. Our results in patients with a denervated 
heart subjected to multistage exercise show a similar 
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relation between norepinephrine levels and the work 
load imposed. 

Conclusion: This study has demonstrated that the 
initial increase in cardiac output with submaximal ex- 
ercise in cardiac transplant recipients is achieved by 
augmentation of preload, as evidenced by increasing left 
ventricular end-diastolic volume and stroke volume. 
The same Frank-Starling mechanism was documented 
by volume-loading studies before exercise. However, 


during peak exercise humoral adrenergic mechanisms 
dominated, as manifestéd by striking increases in heart 
rate and velocity of circumferential fiber shortening 
linked to rising plasma norepinephrine levels. 
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The effect of exercise training on left ventricular dimensions at rest and 
during steady state exercise was studied. Fourteen healthy sedentary 
students were studied with echocardiograms performed at rest and during 
the 3rd minute of supine bicycle exercise (300 kilopond-meters/min) 
before and after 14 weeks of vigorous interval bicycle training. Ventricular 
dimensions at end-systole and end-diastole were measured and stroke 
dimension and dimensional shortening (stroke dimension/end diastolic 
dimension) were calculated. Maximal rate, measured before training 
during maximal exercise testing, oxygen consumption increased 31 
percent + 6 (mean + standard error of the mean); heart rate decreased 
9 + 3 percent at rest and 11 + 3 percent during exercise (p <0.05). Blood 
pressure was not significantly changed at rest or during exercise. Training 
was associated with an increase in end-diastolic dimension at rest (from 
4.7 + 0.11 to 5.0 + 0.11 cm) (p <0.05) with no change noted in end- 
systolic dimension. Stroke dimension at rest was increased (from 1.4 - 
0.05 to 1.7 + 0.05 cm) (p <0.05) as was dimensional shortening (0.32 
+ 0.01 to 0.35 + 0.01) (p <0.05). Exercise before and after training was 
associated with an increase in stroke dimension mediated by a decrease 
in end-systolic dimension. End-diastolic dimension remained constant 
and dimensional shortening increased 15 + 6 percent. 

Exercise was associated with an increase in stroke volume mediated 
by an increase in contractility. The Frank-Starling effect was not de- 
monstrable. Training resulted in increased stroke volume at rest mediated 
by enhanced preload (Frank-Starling effect) and increased dimensional 
shortening, unexplained by a decrease in blood pressure. Exercise after 
training was associated with an increase in stroke dimension and di- 
mensional shortening from the higher value at rest. These changes are 
suggestive of an enhanced contractile state at rest and during exercise 
consequent to training. 


The left ventricle responds to isotonic exercise training with an increase 
in stroke volume both at rest and during exercise.! This enhanced stroke | 
volume may be mediated by increased end-diastolic volume (Frank- 
Starling effect) or an enhanced contractile state. The role of these two 
mechanisms remains the subject of investigation. 

Echocardiography provides a reliable noninvasive method of mea- 
suring ventricular dimensions at end-diastole and end-systole. Several 
studies2-4 have confirmed the reliability of these measurements in 
relation to angiographic measurements. Stein et al.° demonstrated the 
value of echocardiography during supine ergometric exercise in obtaining 
beat to beat measurements of ventricular dimensions. Thus, with use 
of continuous echographic measurements of ventricular dimensions 
during steady state exercise one can examine the effect of training on 
left ventricular response to an exercise work load as well as to variables 
measured at rest. Previous studies? have shown that isotonically trained 
athletes have a larger end-diastolic dimension (and by extrapolation 
end-diastolic volume) at rest, but there is disagreement concerning the 


CARDIAC RESPONSE TO EXERCISE TRAINING—STEIN ET AL. 


effect of exercise training on ejection fraction. DeMaria 
et al.’ recently reported an increase in ventricular dia- 
stolic dimensions and fractional shortening in healthy 
subjects studied at rest after exercise training. The 
present study reports our findings using echocardiog- 
raphy to measure ventricular dimensions at rest and 
during the steady state response to a submaximal iso- 
tonic exercise load (supine exercise ergometry) in 
healthy subjects before and after an effective ergometric 
training program. 


Methods 


Subject selection: Twenty-four healthy subjects (12 male 
and 12 female with a mean age [+ standard error of the mean] 
of 20 + 2 years) volunteered for inclusion in the study. The 
criteria for selection included a normal cardiovascular history 
and physical examination and a normal 12 lead electrocardi- 
ogram. 'The subjects, selected from a group of sedentary col- 
lege students, underwent a screening submaximal exercise test 
to confirm that they were not above average in fitness level. 
Each subject underwent screening echocardiographic evalu- 
ation to confirm the ability of the investigators to obtain clear 
simultaneous echoes of septal and posterior wall endocardium 
at rest and during supine bicycle exercise. 

Testing protocols and measurements: Each subject un- 
derwent a maximal exercise electrocardiographic test before 
and after training. Maximal oxygen consumption (VOsomax) 
was determined with a continuous upright bicycle ergometer 
test described by McArdle et al.? Verbal motivation was given 
to all subjects during testing sessions to ensure optimal per- 
formance. The criteria used for VOomax was a “leveling off” 
of VO» during the last 2 minutes of the test (that is, A VO; 150 
ml or less), a decrease in VO? during the last minute of exer- 
cise, heart rate 190 beats/min or greater or a respiratory 
quotient greater than 1. An open circuit method was used to 
determine oxygen consumption (VO»s) and carbon dioxide 
production (VCO»). A test, retest design yielded a reliability 
coefficient of 0.95 for both gases. VOsmax testing was done 
1 week before the start of training, and during the 15th week 
immediately after training. 


TABLE | 
Summary of Results in Study Group 





. Before Training - 


Resting and end-exercise echocardiographic ventricular 
dimensions during supine exercise and maximal oxygen con- 
sumption during treadmill ergometrie exercise were measured 
in 14 subjects before and after a 14 week interval ergometric 
training program. Ten control subjects were similarly evalu- 
ated before and after a 14 week period of no training. Blood 
pressure was measured with a mercury sphygmomanometer 
at rest and during the last 20 seconds of ergometric exer- 
cise. 

Echocardiography: This procedure was performed with 
the subject in a supine position. An Ekoline 20A echocardio- 
graph and a Honeywell model 1856 fiberoptic recorder were 
used. A 2.25 megahertz 0.5 inch (1.27 cm) focused transducer 
was hand-held in the intercostal space along the sternum that 
provided the clearest simultaneous picture of septal and 
posterior wall endocardial echoes. Care was taken to position 
and hold the transducer perpendicular to the chest wall, and 
recordings were measured only where intraventricular land- 
marks of beam position (chordae tendineae or mitral appa- 
ratus) were consistently noted. The position of the transducer 
was identified by measurement of distance from the sternal 
boarder and the inferior border of the clavicle at the time of 
the initial study. The transducer was placed in this location 
during the second study. 

Echocardiographic recordings were performed at res: and 
during 3 minutes of ergometric exercise utilizing a table- 
mounted ergometer whose pedal axis was 35 cm above table 
height. Each subject pedaled at a frequency of 50 rpm (a 
metronome was used to assist the subject) at a work setting 
of 300 kilopond-meters/min. A nasal thermistor was utilized 
so that echocardiographic measurements would not be per- 
formed at peak inspiration or peak expiration. 

Measurements were made in the resting state and during 
the last 20 seconds of ergometric supine exercise. Three 
successive systoles were analyzed and the mean value was 
determined. End-diastolic dimension was measured as the 
distance from the posterior wall endocardium to the left septal 
endocardial echo at the time of the terminal inscription of the 
QRS complex of a simultaneously recorded electrocardiogram. 
The systolic dimension was measured as the distance of a 
vertical line from the point of maximal anterior excursion of 
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At Rest 


At Rest . At End-Exercise At End-Exercise 

Age (yr) . SD/ SD/ . SD/ SD/ 

Case & Sex VO;max EDD ESD SD EDD EDD ESD SD EDD VO max EDD ESD SD EDD EDD ESD SD EDD 
mi oe sana cut o d. ae la I cnc PES iota Pais Ot a in eons od aban eve eas ile A aces a co A A. e 

1 19F 28.6. 40° 2:7 13 1599 39 | 24° 6. 6:38 366 43 27 18). 037 43 28 17 -0:46 

2 20F 28.3: (54S). E 019 431 45.28 11 037 367 46 30 16 035 46 28 1.8 0.39 

3 19M 248 5.2 39 13 0.25 52 35 17 0.33 324 54 $9 15 028 55 34 21 038 

4 18F 229. 4732 158 032.41 28 16 039 94.1..50- 3:3" TE DO 161^ 29 21 040 

5 22F Mg 43 29- 14 033 42 25 17 6:40 340 47 29 7 038.4B. 21 21 D44 

6 19M 398.53 38° 1.7 030 B8 34 319 0.6 449 55 3.5 20 035 56 35 2.1 0.38 

7 21M 280.4. 58,1. 39 123 24 500..3:5- 1:5 6.30 3568 54 39 15 028 54 3.6 19 035 

8 20F 30.14.4028 12 0:30 4:0" 125. .1.5. 037 35.8 45 29 16 0.36 44 2.5 19 0.48 

9 18F ere 47 32. 15 0392 4T 30 17 0.30 338 53 393 20..038 82 30 25 6492 

10 22M 24.9 '"*&7T- 94 19. 028 46.782 . 4 0,5 338 $853 34 13 036 54 33 21 .689 

11 25M 27.3 44 28 16 036 44 26 18 041 39.0 49 28 19 039 49 27 22 0.44 

12 18F 26:2 48. 33 "L5 0691 48 . 320.18 037 87.0 50 32.158 098 51-230 2 :041 

13 18M 3600 49 32 17 0.35.49 30 19 0.39 406 53.32 234 040 62) 3.4 ON 042 

14 22M 324 48 32506-09948 30 18 037 408 62 32 26 038 B3 314 22 042 
Mean 20 28.7 4.7 3.2 14 032 46 2.9* 17! 0.337! 37.6 5.0t 32 17! 035* 50* 3.0° 20! 0.4111 

+SEM 0.11 0.11 0.05 0.01 0.11 0.11 0.05 0.01 0.11 0.11 0.05 0.01 0.11 0.08 0.05 0.01 

St D 2 3.6 4.0 

AD RE STIL PE WODMC, BSE IUE UE te A EE ek RSE Oe: AERA? WERE UP Ae PP NEN CESAR 


* = significantly (probability[p] <0.05) reduced from value in resting state; t = significantly (p <0.05) increased from value in resting state; 
* = significantly (p <0.05) increased from value in identical state before training. 

EDD = end-diastolic dimension (cm); ESD = end-systolic dimension (cm); SD = systolic dimension (cm); SEM = standard error of the mean; 
St D = standard deviation; VOomax = maximal oxygen consumption (ml/kg per min). 
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the posterior wall to its intersection with the septal echo. 
Stroke dimension was calculated as the difference between 
the end-diastolic dimension and the end-systolic dimension, 
and fractional shortening of the ventricular dimension was 
calculated as stroke dimension/end-diastolic dimension. 
Echocardiograms were identified by letter codes, and the 
measurements were performed by two of us who did not know 
the subjects' identity or their state of training. The signifi- 
cance of measurements and calculations (rest to exercise and 
pretraining to post-training) were assessed using paired 
analysis (two-tailed Student's t test). 

Exercise training protocol: The subjects trained on an 
upright bicycle ergometer 34 min/day, 3 days/week for 14 
weeks. Each session consisted of a 4 minute warm-up period 
in which 2 minutes of exercise was performed at 70 percent 
of the subject's maximal heart rate followed by 2 minutes of 
pedaling at 0 work load. Immediately after the warm-up pe- 
riod, the subject cycled repeatedly for five sets of 3 minutes 
at 90 percent of maximal heart rate alternating with a 3 min- 
ute relief interval of pedaling at 0 work load. Pedaling 
frequencies were maintained at 60 rpm in cadence with a 
metronome. During each training session, a laboratory assis- 
tant monitored the subject's heart rate to ensure that the 
target rate was maintained. 


Results 


Before training: In the resting state, the subjects 
had a mean end-diastolic dimension of 4.7 + 0.11 cm 
and a mean end-systolic dimension of 3.2 + 0.11 cm 
(Table I; Fig. 1 to 4). The mean stroke dimension was 
1.4 + 0.05 cm and dimensional shortening was 0.32 + 
0.01 cm. After 3 minutes of exercise at 300 kpm the 
end-diastolic dimension remained essentially un- 
changed (mean 4.6 + 0.11 cm), whereas the end-systolic 
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FIGURE 2. Stroke dimension (end-diastolic dimension — end-systolic 
dimension) and percent shortening of ventricular dimension (stroke 
dimension/end-diastolic dimension X 100) at rest and during supine 
submaximal exercise, before and after exercise training in 14 
subjects. 
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FIGURE 1. End-diastolic and end-systolic dimensions at rest and during 
supine submaximal exercise, before and after exercise training in 14 
subjects. 


dimension decreased significantly (p <0.05) to a mean 
value of 2.9 + 0.11 cm. There was a significant increase 
(p <0.05) in stroke dimension to a mean of 1.7 + 0.05 cm 
and a concomitant increase in dimensional shortening 
to a mean of 0.37 + 0.01 cm (p <0.05). Heart rate in- 
creased during exercise a mean of 60 + 4 percent (mean 
heart rate 74 + 5 beats/min at rest, and 119 + 5 beats/ 
min at end-exercise). 

The data in the control subjects who did not undergo 
exercise training (Table II) were essentially the same 
as those in the pretraining evaluation of the trained 
group. In the control group the studies before and after 
the 14 week period without training showed no signifi- 
cant differences. The left side of Figure 1 presents in 
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FIGURE 3. Mean ventricular dimensions and stroke dimension at rest 
and during submaximal supine exercise, before and after exercise 
training in 14 subjects. 
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FIGURE 4. Mean percent shortening of ventricular dimension at rest 
and during supine submaximal exercise, before and after exercise 
training in 14 subjects. 


graphic form the measured end-diastolic and end-sys- 
'tolic dimensions, and Figure 2 presents the calculated 
stroke shortening and fractional shortening in the 
trained group in the pretrained state. 

After exercise training: The maximal oxygen 
consumption (VOsmax) before training was 29 + 4 
ml/kg per min and increased by 31 percent after training 
to 38 + 4 ml/kg per min (p <0.05). The control group 
demonstrated no significant change in maximal oxygen 
consumption over the 14 week study period. In the 
trained group end-diastolic dimension increased at rest 
from a mean of 4.7 + 0.11 cm before training to a mean 
value of 5.0 + 0.11 cm after training. The end-systolic 
dimension at rest was unchanged at 3.2 + 0.11 cm after 
training. The stroke dimension at rest increased by 21 


TABLE II 
Summary of Results in Control Group 


percent after training to a mean of 1.7 + 0.05 cm, and 
dimensional shortening at rest increased by 9 percent 
after training (Fig. 4) to a value of 0.35 + 0.08 cm (p 
<0.05). Heart rate at rest decreased 9 percent to a mean 
of 67 + 4 beats/min. During exercise mean heart rate 
increased 58 percent from the value at rest. When 
compared with the pretrained state, heart rate was re- 
duced by 9 percent at rest and by 11 percent at end- 
exercise (Table III). 

During supine exercise in the trained state there 
was, as before training, no significant change in end- 
diastolic dimension from the value at rest. 'T'here was 
a decrease in end-systolic dimension to 3.0 + 0.08 cm (p 
<0.05) and an increase in stroke dimension and di- 
mensional shortening to 2.0 + 0.05 cm (p <0.05) and 
0.41 + 0.01 (p «0.05), respectively. The direction of 
change from rest to exercise was thus similar after 
training to the response before training, but the values 
at rest were altered. 


Discussion 


After exercise training our data reveal a consistent 
increase in end-diastolic dimension both at rest and 
during moderate supine exercise. The end-systclic di- 
mension at rest was unchanged after training; it de- 
creased in both states with exercise. The alteration in 
ventricular dimensions resulted in increases in stroke 
dimension and dimensional shortening at rest after 
training. Exercise in both the pre- and post-training 
states was associated with a decrease in end-systolic 
dimension, resulting in an increased stroke dimension 
and dimensional shortening. There were no significant 
changes in weight or smoking habits in the study group 
during the training period. | 

Anatomic and physiologic alterations in the 
cardiovascular system that result from exercise 
training: These alterations have been well defined.! 
The “training response" includes increases in stroke 
volume (at rest and during submaximal and maximal 
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Before 14 Week Control Period 





At Rest At End-Exercise At Rest 





After 14 Week Control Period 





At End-Exercise 


SD/ SD/ SD/ 


Age(yr) . SD/ 
Case — &Sex VO,max EDD* ESD* SD* EDD EDD* ESD* SD* EDD VOs;max EDD* ESD* SD* EDD EDD* ESD* SD* EDO 
1 19M 27.3 46 3.1 15 033 47 29 18 038 282 47 32 15 032 47 29 18 038 
2 19M 26.8 4.7 3.3 14 030 48 3.1 17 035 0272 47 32 15 032 47 30 17 036 
3 17M 29.2 49 36 13 027 49 33 16 033 282 48 34 14 029 48 32 16 033 
4 21F 307 46 33 13 028 46 30 16 035 296 47 34 13 028 46 3.1 15 0.33 
5 20F 20.06 45 3.1 14 031 44 29 15 034 0284 45 30 15 033 46 29 17 037 
€ 19M 263 45 3.2 13 029 46 3.0 16 035 29 46 33 13 028 46 3.0 16 0.35 
7 18F 24. 44 30 14 032 45 27 18 040 253 44 29 15 034 45 27 18 0.40 
8 18F 266 49 35 14 029 49 33 1.6 033 246 48 35 13 027 48 33 15 031 
9 19F 28.0 47 32 15 032 47 30 17 036 27.0 47 32 15 032 46 28 18 039 
10 21M 27.|] $5.0 34 31.6 0.332 49 3.1 18 037 02282 49 34 15 031 49 3.1 1.8 037 
Mean 19 27.6 47 33 14 0.30 47 3.0° 17! 0.336! 27.44 47 33 14 031 47 3.0° 1.7t 0.367 
SEM ns * 0.06 0.06 0.03 0.01 0.06 0.06 0.03 0.01 0.05 0.06 0.03 0.01 0.04 0.06 0.04 0.01 
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* Significantly (p <0.05) reduced from value in the resting state. t Significantly (p <0.05) increased from value in the resting state. 


Abbreviations as in Table |. 
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exercise), maximal systemic arteriovenous oxygen ex- 
traction, maximal cardiac output and maximal body 
oxygen consumption. Several investigators? have 
demonstrated that consequent to this training effect the 
heart rate at any given work load is reduced and the 
stroke volume increased. This allows the "trained" 
person to perform any given exercise task at a lower 
level of external cardiac work and double product (blood 
pressure X heart rate) than before training. The resul- 
tant reduction in myocardial oxygen requirement at a 
given work load is frequently accompanied, in the pa- 
tient with coronary heart disease, by a reduction in 
symptoms of angina.!? Saltin et al.? demonstrated these 
findings in a small number of well studied subjects, and 
subsequent studies! 1? consistently demonstrated these 
findings in both middle-aged men with coronary heart 
disease and normal young adults. 

The physiologic basis of the training response re- 
mains an area of debate,! and the interrelation of the 
enhanced stroke volume and reduced heart rate at rest 
and during exercise an area of investigation. The intact 
heart can increase its stroke volume by two mechanisms: 
an enhanced preload without change in fiber shortening 
(the Frank-Starling mechanism) or an increase in 
shortening independent of preload or afterload (an in- 
crease in intrinsic myocardial performance, or “con- 
tractility"). 

Previous echocardiographic studies on effects of 
exercise training: Prior studies using echocardiogra- 
phy to evaluate the training response in patients at rest 
have been reported. Morganroth et al.!? compared the 
hearts of athletes engaged in isotonic exercise (such as 
swimming) or in isometric exercise (such as wrestling 
and shot-putting) with the hearts of a series of normal 
subjects. They found that end-diastolic dimension in 
the isotonically trained athletes was greater than nor- 
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mal, whereas in the isometrically trained athletes it was 
comparable with that of the normal nontrained subjects. 
In contrast, wall thickness (of the septal and posterior 
walls) was comparable with that of the normal group in 
the isotonically trained athletes but was increased in the 
isometrically trained group. Gilbert et al. reported that 
end-diastolic dimension at rest was greater in trained 
runners than in normal sedentary control subjects. 
Ejection fraction, maximal posterior wall shortening 
velocity and mean circumferential shortening velocity, 
also derived from or measured with echocardiography, 
were found to be comparable with control values or 
slightly depressed in the endurance runners. These in- 
vestigators concluded that exercise training was asso- 
ciated with an increase in ventricular volumes and 
stroke volume at rest and with insignificant alterations 
in indexes of left ventricular function at rest. Subse- 
quent studies of elite long distance runners by Under- 
wood and Schwade!^ and of marathon runners by 
Zoneraich et al.!° yielded similar results. 

DeMaria et al.’ compared echocardiographic mea- 
surements at rest both before and after an endurance 
training program. Their study showed an increase in 
end-diastolic dimension and in stroke volume when the 
subjects’ trained state was compared with their un- 
trained state. Calculations of stroke dimension and di- 
mensional shortening demonstrated an increase in 
ventricular shortening consequent to exercise training. 
These data, as well as the previously cited studies, de- 
fined the training effect only in the resting state. 

Present studies on ventricular dimensions and 
contractility: The longitudinal nature of our protocol 
allowed the detection of small but significant changes 
in dimensions related to loading conditions and di- 
mensional shortening, reflecting one of the indexes of 
contractility. In addition, we were able to obtain mea- 








TABLE lll 
Heart Rate and Blood Pressure in Study Group Before and After Exercise Training 
Before Training After Training 
At Rest At End-Exercise At Rest At End-Exercise 
Case HR BP HR BP HR BP HR BP 
pe Pair Fa CR Ya o PRES RU) IMP io ee ME eS” Pree A OE A ers ee en 
1 72 116/76 114 140/70 66 114/72 110 134/72 
2 74 118/70 120 136/60 66 118/72 104 140/60 
3 76 100/60 125 120/60 72 110/60 110 120/60 
4 80 102/70 124 130/74 70 100/70 116 132/72 
5 70 96/64 122 120/70 65 100/66 104 119/70 
6 69 120/80 114 140/70 67 124/76 100 140/70 
7 71 122/80 123 136/80 63 120/80 102 128/80 
8 79 114/70 126 140/70 74 110/70 112 140/70 
9 79 116/66 119 130/70 72 120/70 110 130/70 
10 69 120/80 120 132/72 63 120/82 105 130/70 
11 83 104/72 120 140/70 71 110/70 110 140/70 
12 77 110/60 118 146/60 70 104/60 104 136/60 
13 74 112/70 118 130/72 66 110/70 103 134/72 
14 67 110/60 112 126/66 63 112/60 100 130/62 
74 119 67* 106* 
i StD 5 4 4 5 
Mean SBP 112 133 1101 1317 
+StD 8 8 7 8 
* Significantly (p <0.05) reduced from value before training. * Not significantly different from value before training. 
BP = blood pressure (mm Hg); HR = heart rate (beats/min); SBP = systolic blood pressure (mm Hg); St D = standard deviation. 
Auaust 1980 The American Journal of CARDIOLOGY Volume 46 223 


CARDIAC RESPONSE TO EXERCISE TRAINING—STEIN ET AL. 


surements of cardiac function directly from heart wall 
motion whereas previous studies utilized arterial pulse 
pressure curve analysis. 

Analysis of our data at rest after training shows an 
increase in diastolic dimensions and stroke dimension 
that is consistent with the reported echocardiographic 
findings, most specifically the findings of DeMaria et 
al.’ In addition, the increase in fractional shortening of 
the ventricular dimension at rest is similar to that de- 
scribed by these investigators. Fractional shortening of 
the ventricular dimension is dependent on end-diastolic 
dimension, afterload and contractility of the chamber. 
Because fractional shortening would be expected to 
decrease or remain unchanged with increases in end- 
diastolic dimension, and because afterload as reflected 
in blood pressure was apparently not changed, the in- 
crease in fractional shortening at rest after training may 
be attributed to the intrinsic contractile state of the 
myocardium. Thus, our data demonstrate an en- 
hancement in both preload end-diastolic dimension and 
ventricular function in the resting state consequent to 
training. 

Response to exercise after physical training: The 
alterations in ventricular response to exercise associated 
with training were of interest. During moderate exercise 
before training the increase in stroke volume was 
mediated entirely by an increase in fractional shorten- 
ing, despite an increase in blood pressure. Direct mea- 
surements revealed a constant end-diastolic dimension 
with a reduction in end-systolic dimension. After 
training, fractional shortening again increased from rest 
to exercise, beginning from a higher baseline value at 
rest than in the untrained state. There was no apparent 
change in afterload after training to account for this 
increase in fractional shortening. The trained subject, 
therefore, has an increased stroke volume at rest that 
is due not only to an increase in end-diastolic dimension 
but also to an enhancement in ventricular function. 
During moderate exercise, the further increase in stroke 
volume from rest to exercise is mediated entirely by an 
enhancement in contractile processes. The enhance- 
ment in dimensional shortening augments an already 
greater value at rest in the trained state. 

These data and our previous work? did not demon- 
strate evidence of the use of the Frank-Starling mech- 
anism during moderate exercise either before or after 
training. In a recent study Weiss et al.!7 obtained 
echocardiographic measurements of ventricular di- 
mensions during maximal semisupine exercise. They 
noted evidence of a Frank-Starling mechanism (an in- 
crease in end-diastolic dimension) at maximal exercise 
but not at moderate (300 kpm/min) levels. They also 
reported no change in end-systolic dimension during 
exercise, whereas we noted a decrease in end-systolic 
dimension with a resultant increase in stroke dimension 
during moderate exercise. Other studies!®:!9 have also 
demonstrated this reduction in end-systolic dimension 
during exercise. This difference between our observa- 
tions and those of others may be due in part to the use 
of different postures (supine in our study, semisupine 


in that of Weiss et al.!?) during exercise and to the re- 
cording of echocardiograms for analysis during different 
phases of the respiratory cycle (mid expiration in our 
study, end expiration in the study of Weiss et al.!7). 

Our study group demonstrated a great enhancement 
in measured maximal oxygen consumption after only 
14 weeks of an interval training program. The reasons 
for this rapid increase may be found in both the inten- 
sity of the training, the use of identical exercise forms 
for training and testing and the preselection of seden- 
tary subjects for inclusion in the study. 

Possible limitations of the study: It is necessary in 
our study to limit our analysis to the ventricular re- 
sponse to submaximal supine exercise. The use of 
echocardiography requires analysis of subjects in a su- 
pine position, which may be associated with different 
dimensional changes in the heart from those associated 
with the upright state. Techniques for obtaining ven- 
tricular measurements during the upright exercise are 
necessary for a more complete understanding of the 
more common form of exercise. The ability to obtain 
reliable ventricular dimensions from radionuclide 
imaging shows promise.?9 

We used the fractional shortening of ventricular di- 
mension as an index of myocardial fiber shortening. 
Dimensional shortening may be significantly altered by 
factors such as alteration in afterload, level of circulating 
catecholamines and heart rate. In our study, measure- 
ments of blood pressure at rest and during exercise 
(simultaneous with echographic recording) revealed no 
significant change, suggesting that the increase in 
ventricular dimension was not related to a reduction in 
afterload. Heart rates after training were lower both at 
rest and during exercise than in the untrained state. 
Bradycardia would tend to increase end-diastolic vol- 
ume, with a consequent increase in stroke volume by the 
Frank-Starling mechanism and no change in fractional 
shortening. These effects of bradycardia are direc- 
tionally opposite to those observed in our study. AI- 
though changes in mean systolic and diastolic blood 
pressure were observed, a small decrease in aortic dia- 
stolic pressure secondary to the bradycardic cannot be 
excluded as contributing to the increase in fractional 
shortening. Overall, the increase in fractional shortening 
of ventricular dimension observed at resting and dur:ng 
exercise is best explained by an improvement in left 
ventricular function. 

Mechanisms of improved ventricular function 
following exercise: The increase in indexes of ven- 
tricular function are consistent with data obtained in 
some?^7 but not all?? animal training studies. The basis 
of the improvement in ventricular function consequent 
to training demonstrated in our study is uncertain. 
Postulated mechanisms supported by animal studies 
include an increase in catecholamine concentration,?4.25 
increased cardiac cellular metabolic activity as reflected 
by an increase in myosin adenosine triphosphatase ac- 
tivity79?7 and an increase in calcium transport by the 
sarcoplasmic reticulum of the heart in conditioned an- 
imals.?8 
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One hundred thirty-eight patients with “variant angina" were followed 
up for periods of 2 to 8 years. All patients had a history of angina at rest, 
and 42 percent also had exertional angina. Normal coronary arteries were 
found in 9 of the 107 patients who underwent coronary arteriography; the 
remainder had stenosis greater than 50 percent in diameter of at least 
one major vessel. Coronary vasospasm was demonstrated in all 37 pa- 
tients studied with coronary arteriography during angina at rest. 
Twenty-eight patients had acute myocardial infarction and five patients 
died within 1 month of admission to hospital. Of the 133 surviving patients, 
120 were treated medically and 13 underwent coronary arterial surgery. 
In the medically treated group, only seven patients died and only four had 
acute myocardial infarction during the remainder of the follow-up period. 
Symptoms became less frequent and less severe; approximately 50 
percent of the patients remained completely asymptomatic for at least 
12 months by the end of the 4th year. Death, acute myocardial infarction 
and persistence of symptoms were more frequent in those patients with 
more severe coronary atherosclerotic disease although, even in this group, 
the overall incidence of death and acute myocardial infarction was small. 
It is concluded that the prognosis of patients with “variant” angina re- 
ceiving appropriate medical therapy is reasonably good after the acute 
phase, even in the presence of severe coronary atherosclerosis. 


Only in recent years have relatively large series of patients with “variant 
angina" been studied.!-? These studies have increased our understanding 
of the clinical and coronary arteriographic features and the patho- 
physiology of this syndrome, which appears to be more polymorphic than 
the classic form described by Prinzmetal et al.^9 However, information 
concerning the natural history of variant angina over a long period of 
time is scarce, most follow-up studies being of short duration? or based 
on small numbers of patients.!0-15 

Recently, we described 138 patients who manifested angina at rest 
in association with transient, reversible S- T segment elevation and whose 
hemodynamic, scintigraphic and coronary arteriographic findings during 
angina suggested a vasospastic cause of the anginal attacks.!9 In this 
paper we report on the follow-up study of these patients, during a period 
ranging from 2 years to more than 4 years, with particular reference to 
mortality, myocardial infarction and the continuation or regression of 
attacks of angina. 


Methods 


Patient Characteristics 


The study is based on the original group of 138 patients, previously described,!6 
who had been admitted to our institution between January 1970 and December 
1977. All patients were followed up until July 1979; 80 were followed up for 3 


years and 59 of these for 4 or more years. The follow-up findings after 4 years 


are not reported here because of the small number of patients involved. 
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History: All 138 patients had a history of angina at rest, but 
58 patients also had exertional angina. Of the total group, 45 
patients had had a prior myocardial infarction. The interval 
between onset of symptomatic heart disease and hospital 
admission varied from 1 day to 25 years, but was less than 3 
months in 45 patients, including 34 who had angina only at 
rest and 11 whose pain occurred both at rest and during 
exertion. 

Electrocardiogram: The electrocardiogram at rest was 
within normal limits in 44 patients. In all 138 patients tran- 

sient, reversible episodes of S- T segment elevation (2 mm or 
more) were documented by a 12 lead electrocardiogram on at 
least one occasion but were not followed by permanent elec- 
trocardiographic changes or by a rise in serum cardiac enzyme 
levels. The S- T segment elevation was in anterior leads in 95 
patients and in inferior leads in 43. A stress electrocardiogram, 
obtained in 96 patients with use of a bicycle ergometer and 
continuous, three lead electrocardiographic monitoring, re- 
vealed an S- T segment depression of 1.5 mm or more in 37 
percent of patients, an S- T segment elevation or normalization 
of previously inverted T waves in 36 percent and a normal 
pattern in 27 percent. 

Coronary arteriography: Coronary arteriography was 
performed in 107 patients who had no signs of acute myo- 
cardial ischemia. There were no abnormalities or only minor 
wall irregularities in 8 percent of patients, stenosis greater 
than 50 percent in diameter (corresponding to a 75 percent 
reduction in luminal area) of one major vessel in 36 percent, 
of two major vessels in 32 percent and of all three major vessels 
in 24 percent of patients. Three patients had left main coro- 
nary artery disease (greater than 90 percent luminal reduc- 
tion) and were included in the group with triple vessel disease. 
Coronary arteriography, performed during an attack of angina 
at rest, allowed us to document coronary vasospasm in 37 
patients. 

Ventriculography revealed normal wall motion in 47 per- 
cent of patients, localized hypokinesa in 29 percent, akinesia 
or diffuse hypokinesia in 11 percent and ventricular aneurysm 
in 13 percent. 


Method of Follow-Up 


After discharge from the hospital the 133 surviving patients 
were seen in the clinic, always by the same physician, at in- 
tervals of 4 months or more frequently when the patients 
symptoms became worse. Inquiries were made regarding the 


frequency, duration and severity of anginal pain, the pro- 


voking factors and the occurrence of syncope. A complete 
physical examination was performed and an electrocardio- 
gram was recorded at rest. A standard chest X-ray film was 
obtained at intervals of 12 months or less. Stress testing was 
performed every 6 to 12 months in order to obtain an objective 
evaluation of coronary blood flow reserve. Fifty-one patients 
were readmitted to the hospital on one or more occasions be- 
cause of the recurrence of frequent or prolonged episodes of 
angina at rest or for reassessment of their therapy. 

Medical therapy: One hundred twenty of the 133 survivors 
were maintained on medical therapy; all were followed up for 
at least 2 years, except for 4 patients who were admitted be- 
tween August and December 1977 and observed for periods 
ranging between 20 months and 2 years. For the purpose of 
data analysis, these latter patients were considered to have 
been followed up for 2 years. Seventy medically treated pa- 
tients were followed up for 3 years and 51 for 4 years. Medical 
therapy consisted of administration of verapamil and nitrates, 
alone or in combination. 

The patients were instructed to reduce their drug therapy 
progressively during periods of remission in a manner outlined 
by the physician and to come to the outpatient clinic between 
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scheduled appointments if there was a recurrence or an ex- 
acerbation of symptoms. Eighteen patients were initially 
treated with beta adrenergic blocking agents because they had 
severe limitation of exercise tolerance; 15 of the 18 were sub- 
sequently treated with verapamil because of the persistence 
of recurrent episodes of angina at rest. The dosage of vera- 
pamil ranged from 120 to 480 mg orally/day, the standard 
dosage being 240 mg. Patients receiving nitrates took isosor- 
bide dinitrate (from 2.5 mg sublingually every 2 hours during 
waning phases to 5 mg every hour during waxing phases), 
usually in combination with a longer-acting nitrate during the 
night. Four patients failed to attend the follow-up clinic, but 
are known to be alive and in good health. 

Surgical treatment: Thirteen patients underwent aorto- 
coronary bypass grafting: three because of the recurrence of 
frequent, prolonged attacks of angina at rest, nine because of 
persistent severe exertional angina, one on the advice of his 
referring physician because he hád double vessel disease. 

A patient was considered asymptomatic when no episodes 
of chest pain occurred during at least 1 year. Chest pain was 
considered atypical when it was dull and prolonged or sharp 
and lasting a few seconds, when it was not oppressive, burning 
or radiating to typical areas and when it was not relieved by 
glyceryl trinitrate. 

Statistical analysis: Statistical analysis was performed 
with use of the chi-square test, using Fisher's exact test where 
appropriate. Survival curves were calculated using the 
actuarial method and the relative standard errors were com- 
puted using the method of Greenwood.!® 


Results 


Mortality: Five patients died during the period of 
hospitalization, as previously reported.'® Only seven 
patients died during the entire follow-up period: Two 
of these patients died during the 1st year, three during 
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FIGURE 1. Probability of survival with increasing time. The time of 
hospital discharge (HD) is represented by the dotted line. At the top, 
the number of patients (N) considered during each follow-up period, is 
given for the total group, and for those with no or one vessel or two or 
three vessel disease. The standard error is represented by vertical bars. 
The total group also includes patients who were not submitted to cor- 
onary arteriography. After hospital discharge, there is little further re- 
duction in survival probability, which reaches a constant value after 3 
years. The average annual mortality rate is small in all groups: 1.7 
percent for the total group, 0.7 percent for no or one vessel disease 
and 2.7 percent for two or three vessel disease. 
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the 2nd year, two during the 3rd year and none there- 
after, except for one patient who died from neoplasia. 

The probability of survival as a function of time for 
the whole group, and in patients classified according to 
the severity of coronary atherosclerosis, is shown in 
Figure 1. After discharge from the hospital, the mor- 
tality rate was low, even in patients with severe coronary 
atherosclerosis. The average annual decrease in survival 
probability was 1.7 percent for the total group, 0.7 
percent for patients with no or one vessel disease and 
2.7 percent for those with two or three vessel disease. 

Table I lists the characteristics of the five patients 
who died in the hospital and the seven who died during 
the follow-up period. Eight had had a prior myocardial 
infarction and 10 of 11 patients who underwent coro- 
nary arteriography had severe coronary atherosclerosis. 
These findings were significantly different from those 
of the survivors (probability [p] values «0.01 for both 
variables). A history of angina on effort, the occurrence 
and direction of ST-T segment changes during exercise, 
the site of S- T segment changes, the time of onset of 
angina, the left ventricular end-diastolic pressure and 
the presence and the extent of wall motion abnormality 
were not significantly different in survivors and patients 
who died. All patients who died after discharge from the 
hospital remained symptomatic to a variable degree up 
to the time of death. 

No patient with single vessel disease died, but one 
with normal coronary arteries died suddenly during the 


3rd year of the follow-up period, shortly after the onset 
of mild chest pain and before he could take glyceryl 
trinitrate. During hospitalization his electrocardiogram 
had revealed several episodes of S- T segment elevation 
in the inferior leads that were often followed by ven- 
tricular tachycardia or ventricular fibrillation during 
the resolution phase. Spasm of the right coronary artery 
with complete occlusion was found on arteriography. 
The patient's symptoms were refractory to treatment 
with antiarrhythmic drugs, propranolol and oxprenolol, 
but considerable improvement was observed after in- 
stitution of therapy with verapamil. 

Myocardial infarction: The incidence rate of acute 
myocardial infarction was high during the acute phase 
of the disease. In fact, as previously reported, 28 of the 
138 patients had an acute infarction within 1 month of 
admission; in 2 the infarct was subendocardial, in 12 it 
was localized and in 14 it was extensive (appearance of 
Q waves in more than two leads and total creatine kinase 
elevation above 300 myu/ml). 

During the subsequent years of observation only four 
patients had a myocardial infarction, three during the 
lst year of follow-up and one during the 2nd year (Fig. 
2). All had a history of angina, both at rest and on 
exertion, and all continued to experience angina during 
the follow-up period. T'wo patients had significant 
stenosis of three major vessels and one patient had 
stenosis of two major vessels. The latter patient was not 
submitted to coronary arteriography. 








TABLE | 
Characteristics of the Patients Who Died 
Vessels Persistent 
Angina Site of In- With Angina 
Age Duration on Old Exercise ST-T Hospital CAD After Mode of 
Case (yr) of Symptoms Effort MI Test Changes AMI (n) Discharge Death 
Patients Who Died in the Hospital 
1 46 4 yr No Yes Inferior No 3 "a Arrhythmia 
2 45 12 yr No Yes '... Inferior No 3* e Arrhythmia 
3 58 13 yr Yes Yes ST|V,to Ve Anterior No 3 _ Arrhythmia 
4 49 8 yr Yes Yes StlV,4 to Ve Inferior Yes 3 Massive 
infarction 
5 52 2mo No No Anterior Yes 2 Massive 
infarction 
Patients Who Died in the Follow-Up Period 
70 5 mo No No  ST| and Anterior No l Yes After 
T + V; to Ve prolonged 
chest pain 
7 58 1mo No Yes STÎV3 to V3 Anterior = No 2 Yes Before 
hospital 
admission 
8 44 11yr Yes Yes ST|Vsto Ve Inferior Yes 3 Yes Before 
hospital 
admission 
9 43 4 yr No Yes Ttt V, Anterior Yes 2 Yes Before 
hospital 
admission 
10* 57 5 yr Yes Yes Anterior No g7 Yes Before 
hospital 
admission 
11 61 4 yr No No Negative Inferior No 0 Yes Sudden death* 
12 52 11 yr Yes No T-ctVs.toV, Anterior No 3 Yes Sudden death? 


* Left main coronary disease (90 percent or more luminal reduction); "this patient refused medical and surgical treatment; tshortly after the onset 
of chest pain; found dead in bed in the morning; 'arteriography not performed. 


AMI = acute myocardial infarction; CAD = 


artery disease; MI = myocardial infarction; n = number; ST and ST} = S-T segment elevation 


and depression, respectively; T = normalization of inverted T wave; . . . = not performed; — = not applicable. 
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FIGURE 2. Probability of having sustained an acute myocardial infarction 
(A.M.I.) as a function of time after initial admission. The total number 
of patients (N) considered during each follow-up period for each group 
is given at the top. The total group includes patients both with and 
without coronary arteriography. After hospital discharge (HD) (dotted 
line) the probability of sustaining an acute myocardial infarction be- 
comes small (0.7 percent/year); it is O for no or one vessel disease and 
only 1.25 percent for two or three vessel disease. 


The severity of coronary atherosclerotic lesions in 
these patients who had an acute myocardial infarction, 
both during hospitalization and in the follow-up period, 
was significantly greater than that in the other patients 
(p = 0.02), a finding also observed in the patients who 
died. However, after the 1st month, the incidence rate 
of myocardial infarction was low, even in the presence 
of coronary lesions affecting two or three major vessels 
(Fig. 2). Patients with acute myocardial infarction or 
death (independent of the time of occurrence) mani- 
fested significantly greater impairment of left ventric- 
ular function (wall motion abnormality and left ven- 
tricular end-diastolic pressure elevation greater than 
16 mm Hg) than that of other patients only when they 
were considered as a group (Table II). 

Myocardial infarction developed in all patients in the 
same electrocardiographic leads that had shown S-T 
segment elevation during angina. Only 8 of the 32 pa- 
tients who sustained an infarction underwent electro- 
cardiographic stress testing; results of the tests were 
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FIGURE 3. Percent of symptomatic patients (pts) and patients with 
atypical chest pain. There is a progressive decrease in the percent of 
symptomatic patients throughout the 4 year follow-up period. 
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TABLE Il 


Ventricular Function and Death or Acute Myocardial 
Infarction (AMI) in 99 Patients* 


Death AMI 
During During Total 
Pa- In- Follow- In- Follow- Com- 
tients Hospi- Up Hospi- Up plica- 
(n) tal Period tal Period tions 
Normal or 75 2 3 5 3 13 
localized 
hypokine- 
sia 
Diffuse 24 1 3 5 0 9 
hypokine- 
sia, 
akinesia or 
aneurysm 


* Ventriculography was performed in only 99 of the 107 patients 
submitted for coronary arteriography. The difference in the total inci- 
dence of complications between the two groups with good or abnormal 
ventricular function is significant, p — 0.02. 


positive with S-T segment depression in 6 patients, 
positive with S-T segment elevation in 1 and revealed 
normalization of inverted T waves in 1 patient. 

Clinical status: The continued occurrence of isch- 
emic attacks is difficult to assess in patients with variant 
angina, because the frequency of these attacks tends to 
fluctuate spontaneously and because the attacks are not 
necessarily accompanied by symptoms. During the 
follow-up period symptoms became less frequent and 
less severe in all but 14 of our patients. The proportion 
of asymptomatic patients steadily increased during the 
follow-up period; approximately 50 percent were com- 
pletely asymptomatic (for at least 1 year) by the end of 
4 years (Fig. 3). 

Among the patients with persisting symptoms, 72 
percent continued to have typical anginal pain, whereas 
28 percent had atypical chest pain. The tendency to 
become asymptomatic was more marked in those pa- 
tients with less severe coronary disease (Fig. 4); in par- 
ticular, the four patients with normal vessels who were 
followed up for 4 years became asymptomatic. Fur- 
thermore, we found a greater incidence of continuing 
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FIGURE 4. Percent of symptomatic patients throughout the follow-up 
period according to the number of diseased coronary vessels. The 
tendency to become asymptomatic is greater in those with less severe 
coronary artery disease. 
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angina in patients with a history of angina both at rest 
and during exercise (11 of 21 at the end of the 4th year) 
than in patients whose angina had occurred only at rest 
(8 of 29) (p = 0.04); the latter group, as previously re- 
ported,!6 had significantly less severe coronary disease 
(p <0.05). It was not possible to see one patient in the 
clinic during his 4th follow-up year because of an ex- 
acerbation of chronic alcoholism. Eight of the 31 pa- 
tients who experienced relief of typical angina during 
the 4th year of follow-up study had discontinued their 
therapy. 

Syncope: Twenty-seven patients had a serious ven- 
tricular arrhythmia during hospitalization. During the 
follow-up period 10 patients had one or more episodes 
of fainting that, in 3 patients, was preceeded by vague 
chest discomfort. In 5 of these 10 patients, asymptom- 
atic episodes of S- T segment elevation had been docu- 
mented during hospitalization, and in 2 of these ven- 
tricular tachycardia and ventricular fibrillation occurred 
during the resolution phase of the attacks. 

Surgical group: The 13 patients treated surgically 
had less extensive coronary artery disease than the 
medically treated group (p <0.01). Ten had single and 
three had double vessel disease. There were no hospital 
deaths, but two perioperative myocardial infarctions 
occurred, one in a patient who died 8 months postop- 
eratively. Forty-six percent of patients became 
asymptomatic during the 1st year; this figure tended to 
remain constant thereafter. Two of the six patients who 
became asymptomatic initially subsequently experi- 
enced a recurrence of angina; in one of these patients 
acute myocardial infarction developed 3 years postop- 
eratively. 


Discussion 


Natural History of Variant Angina 


The large incidence of myocardial infarction during 
hospita! admission in our patients with variant angina 
has been reported in other studies.!-? Prinzmetal et al.8 
noted an incidence rate of 30 percent in their original 
report of this syndrome. Such findings are perhaps to 
be expected bearing in mind that most such patients are 
admitted because they have increasing severity or fre- 
quency of angina or manifest sudden appearance of 
chest pain at rest. Furthermore, most of our patients 
had severe coronary atherosclerosis; thus, at the time 
of hospital admission they would have been considered 
to have a bad prognosis. However, once the acute phase 
of variant angina is over, the long-term outlook for pa- 
tients receiving appropriate, continuous, medical 
management is reasonably good, as evidenced by the low 
overall mortality rate, the small incidence of myocardial 
infarction after discharge from hospital and the strong 
trend toward amelioration of symptoms. 

Comparison with other reported series: The 
prognosis of our patients appears to be similar to that 
of patients with stable angina on effort. These latter 
patients have been reported to have a comparable de- 
gree of coronary atherosclerosis!??9? and an annual 
mortality rate of 4 percent,?! a figure slightly higher 
than that of our group. Moreover, the mortality rate of 


our patients is very similar to that reported for asymp- 
tomatic or mildly symptomatic patients with coronary 
atherosclerotic disease.?? It is substantially less than 
that reported for patients with unstable angina, in spite 
of the similar extent of coronary atherosclerotic disease 
in these patients.??-?^ Bertolasi et al.?» found a 35 per- 
cent mortality rate during an average follow-up period 
of 7 to 8 months and Krauss et al.?6 reported a 15 per- 
cent mortality rate at 1 year. These are unexpected 
findings because one would predict, for a similar degree 
of coronary atherosclerotic disease, greater mortality 
among patients with a predisposition to coronary ar- 
terial spasm. Such a benign course in patients with 
variant angina has not been found by other investiga- 
tors,??728 even in the presence of less extensive coronary 
artery disease.9.?5 

Silvermann and Flamm,?”’ on the basis of a review of 
15 patients, found a mortality rate of 33 percent during 
an average follow-up period of 19 months. They stated, 
“The prognosis in variant angina pectoris appears to be 
grave, with infarction and death occurring in over half 
of the patients less than a year after the onset of 
symptoms." However, other studies have described 
findings similar to our own.!-? Schroeder et al.,?? in a 
study of 42 medically treated patients with variant an- 
gina, reported only two hospital deaths and one late 
death during a 24 month average period of follow-up 
study. Other recent reports?°-82 have shown a good 
prognosis, but the extent of coronary artery disease was 
generally less than that in our series. However, the small 
number of patients involved precludes a valid com-: 
parison with our patients and furthermore may be the 
cause of conflicting interpretations of trials of surgical 
versus medical treatment. 

The amelioration of symptoms in our patients is 
difficult to explain. It could be related to the therapy, 
to modifications of life-style advised by the physician 
or to spontaneous regression of the predisposition of the 
coronary vessels to spasm. The number of patients 
treated surgically was too small to allow definite con- 
clusions, but persistence or recurrence of symptoms was 
common. 


Relation Between Natural History and | 
Coronary Atherosclerosis 


Role of coronary atherosclerosis: The incidence 
of death, myocardial infarction and continuing angina, 
although very small in all of our groups, was relatively 
greater in the patients with severe coronary artery dis- 
ease, a finding suggested by other investigators? on the 
basis of only a few patients. However, these data do not 
mean that the presence of coronary atherosclerosis is 
the only factor determining the prognosis of these pa- 
tients. 

The following facts must be taken into account: (1) 
We were able to document coronary spasm in many 
patients who had acute myocardial infarction or who 
subsequently died. Furthermore, acute myocardial in- 
farction occurred in all instances at the site of S- T seg- 
ment elevation during spontaneous angina at rest, this 
site being the region supplied by the coronary artery 
showing spasm. (2) All patients who died or had acute 


myocardial infarction during the follow-up period ex- 
perienced continuing angina at rest, not necessarily 
associated with progressive limitation of exercise tol- 
erance (which might have indicated progressive im- 
pairment of coronary flow reverse). (3) One patient who 
died had normal coronary arteries, as did one patient 
who had an acute myocardial infarction. (4) Potentially 
fatal arrhythmias occurred during spontaneous episodes 
of transient myocardial ischemia at rest; these episodes 
were largely independent of both the severity of coro- 
nary atherosclerosis and the presence or absence of 
typical anginal pain. 

Role of coronary spasm: These facts suggest that 
functional factors, such as coronary vasospasm, may also 
play a role in the prognosis of variant angina. Further- 
more, the incidence of positive exercise tests was not 
greater in patients who died or had an acute myocardial 
infarction than in the remaining patients; in addition, 
five of the former patients showed S- T segment eleva- 
tion or pseudonormalization of deep negative T waves 
during effort, a finding previously observed by other 
investigators?3-35 during physical exertion and associ- 
ated with the occurrence of coronary vasospasm. ` 

It is surprising to find such a good prognosis in view 
of the presence of these two adverse conditions (severe 
atherosclerosis and coronary arterial spasm). The de- 
velopment of collateral vessels might.explain the dis- 
appearance of effort angina, but the amelioration of 
attacks of angina at rest could be better explained by 
the regression of the predisposition to coronary arterial 
spasm, either spontaneously or as a result of appropriate 
medical therapy. 
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Conclusions 


The prognosis of patients with variant angina re- 
ceiving medical therapy appears to be reasonably fa- 
vorable after the acute phase, even in the presence of 
severe coronary atherosclerosis. However, one can as- 
sume that any given noxious stimulus, such as coronary 
vasospasm, would be potentially more detrimental in 
the presence of severe coronary atherosclerosis or old 
myocardial infarction, or both, than in the presence of 
normal coronary arteries and a normal myocardium. 

Vasospasm, which may cause not only variant angina 
but also angina with S-T segment depression,?6 myo- 
cardial infarction?" and sudden death, may represent 
an important modulating factor in the relation between 
coronary atherosclerosis and the clinical manifestations 
of ischemic heart disease. Our observations suggest that 
the clinical manifestations of ischemic heart disease and 
their fluctuations may be caused by the variable sus- 
ceptibility of the coronary vessels to spasm or to the 
neurochemical or mechanical stimuli that may trigger 
it. Thus therapy and prevention of ischemic heart dis- 
ease not only should be centered on coronary athero- 
sclerosis but also should consider the possible role of 
modulatory factors, such as coronary vasospasm, which 
may be responsible for its clinical manifestations and 
influence its course. 
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the standpoint of their antihypertensive 
properties and side effects. 

As a vasodilator, Apresoline corrects 
the arteriolar vasoconstriction almost 
invariably present in long-standing 
hypertension. On the other hand, beta 
blockers specifically lower heart rate 
and cardiac output, which tend to rise 
through reflex action with vasodilation. 
The diuretic compensates for the ten- 
dency of vasodilators to retain sodium 
and extracellular fluid. 


After a diuretic... 
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Fewer discordant side effects 


Apresoline avoids many of the 
problems associated with some adrenergic 
inhibitors. Sexual dysfunction, drowsi- 
ness, lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 

As with any antihypertensive agent, 
use with caution in patients with ad- 
vanced renal damage. Contraindicated 
in coronary artery disease. 
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(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continuec unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 

- when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 





Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience cages not include any 
positive evidence of adverse effec's on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
Cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocaraial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The "hyperdynamic' circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is tnat Apresoline may 
Increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic Blocking agents. Use 
with Caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with norma. kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and-a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has beer noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used wh caution in 
patients with advanced renal damace. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyr doxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop. 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 


FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions {including bronchial asthma) : 
ir certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensit vity in the general population is low, it is fre- 
quentiy seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versibie when dosage is reduced. However, in 
some cases it may be necessary to discontinue the 
drug. 

Common: Headache; palpitations; anorexia; 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris. 

Less frequent: Nasal congestion; flushing; lacrima- 
tian, cenjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema; 
dizziness; tremors; muscle cramps; psychotic reac- 
tions characterized by cepression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
ophilia. and, rarely, hepatitis); constipation; 
Gificulty in micturition; Gyspnea; paralytic ileus; 
lymphadenopathy; splenomegaly; blood dys- 
crasias, consisting of reduction in hemoglobin and 
red cel! count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response. 

DOSAGE AND ADMINISTRATION 

Inibate therapy in gradually increasing dosages; 
adjust eccording to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
tc 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 

The incidence of toxic reactions, particularly the 
L.E celi syndrome, is high in the group of patients 
receiving large doses of Apresoline. 

In & few resistant patients, up to 300 mg Apresoline 
daily mey be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 
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Consult complete product literature before 
prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Extends the advantages 
of a beta-blocker/diuretic 


regimen. 
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FEATURES 
Digital Scan Processor (DSP) 


The Varian DSP uses a powerful 
microprocessor system to fully utilize digital 
»chnology for processing the ultrasound image. 


Phased Array Design 


Varian pioneered the success of phased 
array transducer technology, which requires no 
moving parts and yields significant performance 

advantages. 


Varian Ultrasound Z 


From pioneer to premier 
manufacturer, Varian is a major high- 
technology corporation consistently 

leading the way in product 
technology, responsive field service, and 
customer education. 






"m 


xtel ent | } ity. 


BENEFITS " 



























high sensitivity, diagnostic quality 
from all major anatomic windows. 


Dependable Performance 


Inherent reliability, solid state electronics, and 
phased array design combine with Varian's 
experience and extensive customer support to assure 
dependable clinical performance. 


Advanced Clinical Capability | 
Fast, accurate examinations, recording, 

and quantitation are enhanced by the V-3400's 
advanced clinical features such as variable 
persistence, pre and post processing, 
simultaneous M-mode, and the light pen 
measurement system. 
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To learn more, contact Medical Group, Varian Associates, Inc., 611 Hansen Way, Palo Alto, CA 94303. Tel: 415/493-4000. 





Were proud to introduce 


VICROTHIN: 


to you as the first phase 
In our pacing program 
for the future. 


3ipolar Option 


MICROTHIN-D1 gives you the best features aVailable.in ventricular 
demand pacing . . . unexcelled reliability aftér seven years of lithium 
pacing experience, plus carefully engineered product refinements 

developed through CPI’s dedication to pacing perfection. 


A i : "la S `~ c JE. Talata Dir le 
Available in Models 0520 Unipolar and 0620 Bipolar. 


MICROTHIN-P1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up. 


EASY TO PROGRAM"lts a challefige to design a programing 
system that’s easy to use. But CPI turns challenge into precedent- 
setting produGts and thus MIGROTHIN-P 1 is unequalled in program- 
ming ease. A programming Sequence is completed jh just 2.5 
seconds. 


EASY TO FOLLOW-UP. We've simplified youpfollow-up routine by 
taking the inaccuracy out of the replacementéndicator. You don't 
need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your paflents, simply replace 
MICROTHIN-P1 at a magnet rate of 85/ppm. 


PATIENT-ORIENTED OPTIONS. MICROTHIN-P 1 provides 90 
rates between 30 and 119. . .20 oditput choices from low diagnostic 
to high output. . .so your care fof'each patient can be individualized. 


Available in Models 0522 Uniolar and 0622 Bipolar. 


re's more to come! Æ ontact your sales representative for details. 
And keep in contact the future with MICROTHIN has just begun. 


2-YEAR WARRANTY EXTENSION 
NOW AVAILABLE! 


ardiac Pa akers. Inc 

100 North He amine Avenue 

O Box 43079 

t. Paul. Minnesota 55164. U.S 
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NEW hi 
KLOTRIX 


[POTASSIUM CHLORIDE} 


SLOW-RELEASE 
TABLETS 10 mEq 


For real people with: compliance problems 


once a day for prophylaxis- 
twice a day for therapy 


KLOTRIX has more potassium chloride than 
sugar-coated slow-release KCI tablets. 

This means fewer tablets per day for better 
patient compliance. ele OR GTP, regimen fits 
into the busy lives of real people. 





„inthe real world of sc yari | 


Psy lower in cost 


KLOTRIX® ( (potassium chloride), the 
economical slow-release KCI supplement, 
can save your patients as much as 25%. 
KLOTRIX is priced to please in this world of 


Soaring prices. 
Mead HMen 
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* Please see following page for summary of prescribing information. 
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NEW 
KLOTRIX® 


(POTASSIUM CHLORIDE) 

SLOW-RELEASE TABLETS 10 mEq 

DESCRIPTION KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 
controlled release of potassium from the matrix to minimize the likelihood of producing high 
localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS— BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 

IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic alkalosis: in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digitalis and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function: 
potassium-losing nephropathy, and certain diarrhea! states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
should be checked periodically, however, and. if hypokalemia occurs, dietary supplementation 
with potassium-containing foods may be adequate to control milder cases. In more severe cases 
Supplementation with potassium salts may be indicated. 

CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 
cardiac patients with esophageal compression due to enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
is Cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
Supplementation should be with a liquid preparation. 

WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intravenously but may also occur when given orally. Poten- 
tially fatal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any other condition which impairs potassium excretion 
requires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. ; 
Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
tone or triamterene), since the simultaneous administration of these agents can produce 

severe hyperkalemia. 

Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 
lesions of the small bowel and deaths. These lesions are caused by a high localized concentration 
of potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and 
thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
bility of a high local concentration of potassium ion near the bowel wall. While the reported 
frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of upper gastroin- 
testinal bleeding associated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 
and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 
pain, distention, or gastrointestinal bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 


alkalinizing potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. 


PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting some cause for potassium depletion. In interpreting the 
serum potassium level, the physician should bear in mind that acute alkalosis per se can produce 
hypokalemia in the absence of-a- deficit in total body potassium, while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the presence of a 
reduced tota! body potassium. Treatment of potassium depletion particularly in presence of cardiac 
disease, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- 
ate monitoring of serum electrolytes, electrocardiogram and clinical status of patient. 

ADVERSE REACTIONS Most common to oral patassium salts: nausea, vomiting, abdominal 
discomfort, and diarrhea. These symptoms are cue to irritation of the gastrointestinal tract and are 
best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
There also have been reports of upper and lower gastrointestinal conditions including obstruction, 
bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to 
be associated with such conditions were present in many of these patients. Skin rash has been 
reported rarely. 

DOSAGE Usual dietary intake potassium by the average adult is 40 to 80 mEq per day. Potassium 
depletion sufficient to cause hypokalemia usually requires loss of 200 or more mEq of potassium 
from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is typically in the range of 

20 meg per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion. 

Note: KLOTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
HOW SUPPLIED Bottles of 100. 
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When exercise 
training is 
indicated. 
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Now, for the first time, cycle exercise can be enjoyable 
and relaxing...smooth, free of trauma to leg muscles 
and joints. That's just one conclusion from a recent 
physiological study comparing our ergometer with ` 
the leading mechanical bicycle ergometer used in 
laboratories worldwide. 


An electronically regulated precision ergometer built 
in West Germany to clinical standards, Dynavit has an 
integral cardiotachometer (finger pulse sensor) and 
biofeedback computer. It is specifically designed for 
in-home use to provide a lifetime of comfortable 
compliance with an exercise prescription. 


A keyboard console lets the patient conveniently enter 
his age, weight anc sex, and set the monitors and 
alarms for a prescribed heart rate. Intensity is readily 
adjustable in 10-watt increments, and is constant 
effort, independent of pedal speeds. Pedal extensions 
permit exercise of arms and upper body. 


Exercise intensity and duration are digitally displayed 
in terms of elapsed time, calories expended, and exer- 
cise points. Heart rate is used to calculate an exercise 
tolerance quotient and it is auto-corrected to the 
patients workload, weight and sex. Thus, the very 
predictable result of increased functional capacity is 
numerically demonstrated enhancing compliance with 
your exercise prescription. 


Dynavit ergometers are available through medical 
or exercise equipment dealers. 


KEIPER-DYNAVIT 


305 Era Drive Mannheimer Str 234-236 
Northbrook, IL 60062 6750 Kaiserslautern 
U.S.A. West Germany 
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To determine those characteristics of left ventricular functional and 
metabolic alterations in chronic ethanolism that may be time-dependent, 
up to 36 percent of total daily calories as ethanol was fed to dogs for an 
average of 18 months (study group 1) or 52 months (study group 2). The 
short- and long-term study groups were fed the same diet with vitamin 
supplements and were compared with simultaneously studied control 
animals. Left ventricular function was assessed in the intact anesthetized 
dogs using the thermodilution method for end-diastolic volume and stroke 
volume determinations. During preload increments with saline solution, 
a significantly greater increase in end-diastolic pressure was observed 
in both groups receiving ethanol as compared with the control animals; 
this increase was associated with reduced end-diastolic and stroke vol- 
ume. However, the responses were similar in the short- and long-term 
study groups. Increased left ventricular collagen was the apparent basis 
for the compliance abnormality, but neither variable differed in the groups 
receiving ethanol. 

In contrast, the first derivative of ventricular pressure (dP/dt) nor- 
malized for preload and afterload, an index of left ventricular contractility, 
and the velocity of the contractile element (Vce) were significantly re- 
duced only in the long-term study group while tissue calcium was normal. 
When chromium-5 1-EDTA was used as an extracellular marker, accu- 
mulation of water and sodium in myocardial cells was observed only in 
the long-term study group, without a reduction of cell potassium. In view 
of the dilatation of sarcoplasmic reticulum observed on electron mi- 
croscopy, it is postulated that distortion of the tubular membranes may 
limit the rate of calcium availability to contractile protein and thus diminish 
contractile function in chronic alcoholism. 


In human alcoholics various degrees of cardiac functional abnormality 
have been identified before the appearance of heart failure.!-? Altered 
ventricular function during increments of afterload as well as a decline 
in an index of contractility have been observed in patients with normal 
heart size. However, ethanol has not been established as the sole etio- 
logic factor. In a previous attempt to eliminate some of the variables that 
exist in human beings, a group of young adult male dogs were maintained 
in a relatively normal nutritional state while receiving up to 36 percent 
of calories as ethanol. After an average of 18 months these dogs dem- 
onstrated enhanced diastolic stiffness of the left ventricle without altered 
indexes of contractility,* in agreement with a prior report.5 

To determine whether altered left ventricular compliance and indexes 
of contractility are time-dependent, we undertook a more prolonged 
experiment to compare animals fed ethanol for either 18 or 52 months 
while they were maintained in an adequate state of nutrition. At ter- 
mination of the experiment the left ventricular end-diastolic pressure- 
volume relation was assessed and related to accumulation of collagen 
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in the left ventricle. Because impaired regulation of 
cation transport after long-term use of ethanol was 
observed in other tissue,® intracellular cation and water 
composition was assessed and related to indexes of 
contractility. 


Methods 
Long-Term Animal Model 


Healthy male mongrel dogs, aged 18 to 24 months, were 
selected for this study. One half of each group was observed 
for an average of 18 months (group 1) and the other half for 
52 months (group 2). All were vaccinated against distemper, 
hepatitis and leptospirosis, and were housed in individual 
cages. They were free of intestinal parasites and clinical evi- 
dence of disease for a period of 6 to 8 weeks of observation 
before admission to the study. Blood samples were negative 
for heart worms and both hematocrit and serum protein levels 
were initially normal. 

Diet: Both the control and experimental animals were fed 
approximately 28 calories/0.5 kg body weight, consisting of 
a mixture of Blue Ribbon Beef Dog Food (Deep Rung Packing 
Co., Dublin, Pennsylvania) and Kibble (Old Mother Hubbard 
Dog Food Co., Inc., Gloucester, Massachusetts) in a 1:3 ratio. 
'The control animals received a diet sufficient to maintain 
body weight in the adult animal, consisting of 26 percent of 
calories as protein, 12 percent as fat and 62 percent as carbo- 
hydrate. The corresponding values in the alcoholic groups 
were 16.6 percent of calories as protein, 7.7 percent as lipid and 
39.7 percent as carbohydrate, which met the minimal standard 
for maintaining a normal nutritional state.’ All animals re- 
ceived Folbesyn (Lederle Laboratories, Pearl River, New 
York) a vitamin supplement, intramuscularly, twice weekly. 
The total vitamin dosage/week included thiamine hydro- 
chloride, 5 mg; riboflavin, 5 mg; niacin, 35 mg; pyridoxine 
hydrochloride, 2.5 mg; ascorbic acid, 150 mg; B192, 2 ug; sodium 
pantothenate, 5 mg and folic acid, 1.5 mg. 

Ethanol administration: Because of the difficulties of 
feeding by gastric tube for a prolonged period, the ethanol 
(USP, acquired from U.S. Industrial Chemicals, Division of 
National Distillers and Chemical Corp., New York, New York) 
was administered in drinking water up to a final concentration 
of 40 percent. The actual intake per animal was estimated at 
biweekly intervals by measuring the residual ethanol solution 
of the previous day, and correcting for evaporation from a 
separate container. After 4 weeks of progressively increasing 
doses, those animals that spontaneously consumed substantial 
amounts of the ethanol provided were admitted to the ex- 
perimental group. This process of self-selection was necessary 
to examine the effects of intoxicating amounts of long-term 
ethanol on the myocardium. It was presumed that these ef- 
fects did not differ from the myocardial responses in the re- 
jected animals had they ingested the same quantities. The 
animals fed ethanol for a long period were given 36 percent 
of calories as ethyl alcohol for 6 days/week. On the 7th day, 
the caloric composition was the same as that in the control 
group. The intake of each animal varied between two thirds 
and all of the administered dose, and was often associated with 
some degree of locomotive incoordination and occasional short 
periods of sleep. We have previously reported? that this eth- 
anol regimen effected maximal blood concentrations of 213 
+ 7 mg/100 ml. 

Blood determinations: In both the short- and long-term 
groups of control and experimental animals, two venous blood 
samples were taken 4 weeks apart at the onset of the study and 
at intervals of 2 months thereafter, for determination of 


plasma lipids, hematocrit and plasma constituents including 
total protein, albumin,’ glucose!? and the lipid classes.!!-14 
Blood was placed in chilled tubes containing ED'TA and after 
separation in a refrigerated centrifuge, stored at —20° before 
analysis. 

Terminal study: The terminal study was performed 18 and 
52 months, respectively, after the onset of ethanol feeding in 
the short- and long-term groups. Although studies in the un- 
anesthetized state would have been preferable, long term in- 
strumentation of these animals for left ventricular functional 
studies was not feasible. To minimize the acute influence of 
the last administered dose, the experimental groups did not 
receive ethanol for the previous 32 hours. This arbitrary time 
was chosen as an interval when acetaldehyde and ethanol from 
the last dose would be dissipated. Each dog was carefully ob- 
served for signs of tremor, convulsions or other evidence of 
central nervous system irritability. None of these were present, 
a finding in accord with a prior study of nonhuman pri- 
mates.!° 


Hemodynamic Studies 


Experimental preparation: Each animal was provided, 
with its regular diet on the afternoon before it was killed, and 
feeding was completed by 6 p.m. After induction of anesthesia 
with 3 mg/kg of morphine and 12 mg/kg of Nembutal®, the 
trachea was intubated and the animals were ventilated on a 
Harvard respiratory pump to maintain arterial oxygen satu- 
ration and pH in the normal range. Ejection fraction levels 
were unusually reduced after this anesthesia! to approxi- 
mately 50 percent of those levels found in unanesthetized 
dogs.!? However, a relatively steady hemodynamic state ap- 
peared to be present approximately 3 hours after induction 
of anesthesia when our studies were undertaken, since further 
decline of cardiac output after pentobarbital was usually not 
observed.!® Because ventricular function was assessed in 
control and experimental animals at approximately the same 
time, variations due to anesthesia would presumably affect 
both control and experimental groups similarly. 

Hemodynamic data were obtained with the chest intact and 
the animals maintained in the left lateral position. Catheters 
were placed in the pulmonary artery, left ventricle and root 
of the descending aorta and maintained patent by infusion or 
intermittent flushing with small volumes of degassed saline 
solution. The Goodale-Lubin 8F catheters, 50 cm in length, 
were connected directly to Statham strain gauge transducers 
(model P23Gb, Statham Instruments, Inc., Oxnard, Califor- 
nia). Photographic recordings were made from a multichannel 
oscilloscope recorder (Electronics for Medicine, White Plains, 
New York). The frequency of this recording system was linear 
from 0 to 30 cycles/s. Catheters of 50 cm dimensions have been 
compared with the Millar catheter-tip micromanometer and 
have given equivalent ventricular systolic and end-diastolic 
pressures as well as the positive first derivative, in accord with 
a prior study.!? 

Hemodynamic measurements: The first derivat:ve of the 
left ventricular pressure pulse (dP/dt) was computed con- 
tinuously by a resistance-capacitance differentiatirg circuit 
and converted into millimeters of mercury per second. The 
amplitude of dP/dt was a linear function of frequency to 70 
cycles/s. Ventricular diastolic pressure was recorded at suf- 
ficient sensitivity so that 1 mm Hg equaled 5 mm in the trac- 
ing. All measurements were made at the end expiration phase 
of the respiratory cycles; an average of six separate determi- 
nations were taken. 

Cardiac output and left ventricular volumes were deter- 
mined with the thermal indicator-dilution method.*9?! Car- 
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diac output values obtained with this technique have been 
found to correlate well with those obtained with the dye- 
dilution technique and end-diastolic volume measurements 
obtained with the indicator method correlated with the values 
obtained with the angiographic method.??-?* A Swan-Ganz 
thermodilution catheter tip was placed in the main pulmonary 
artery and 10 ml of normal saline solution at room tempera- 
ture was injected as a bolus dose through the proximal lumen 
in the right atrium. The temperature change was detected by 
the thermistor in the pulmonary artery, displayed on the re- 
corder through a Wheatstone bridge and the curve area was 
computed manually for cardiac output calculation. Five ml 
of cold saline solution was injected as a bolus dose into the 
inflow site of the ventricle, and the left ventricular washout 
curves obtained just above the aortic valve were used to cal- 
culate the left ventricular ejection fraction. End-diastolic 
volume was calculated from the ratio of stroke volume and 
ejection fraction and expressed per kilogram of body weight 
because a linear relation to body weight has been reported in 
a wide range of mammals.” Stroke work index in grams per 
kilogram was calculated from the product of stroke volume 
per kilogram and the mean left ventricular systolic pressure 
minus end-diastolic pressure X 0.0136. 

Contractility indexes: Contractility was assessed from an 
index expressing the end isometric force-velocity relation 
normalized for initial fiber length. This contractility index 
exhibits a relatively narrow range in normal ventricles, in- 
creases in a predictable fashion with positive inotropic in- 
terventions and is depressed in patients with left ventricular 
disease. The formulation includes (dP/dt max/MIP)/27r, 
where dP/dt max is the maximal rate of rise of left ventricular 
pressure in millimeters of mercury per second, MIP the 
maximal isovolumetric pressure in millimeters of mercury and 
27r the end-diastolic left ventricular circumference in centi- 
meters. The units of contractility are muscle lengths per sec- 
ond per centimeter of initial circumferential fiber length.?6 
The left ventricular radius was calculated from end-diastolic 
volume on the assumption that the ventricle was a sphere at 
the end of the isovolumetric period, and circumferential fiber 
length was calculated as 27r. In addition, the velocity of the 
contractile element (Vce) at peak dP/dt was calculated as the 
ratio of dP/dt max to simultaneous left ventricular pressure, 
assuming a uniform series elastic constant.?" 

Left ventricular function was further assessed during 
volume expansion. À second catheter was introduced into the 
left ventricle and saline solution was infused at a rate of 48 
ml/min. During the infusion of saline solution, end-diastolic 
pressure was continuously recorded at high sensitivity and the 
cardiac output and ejection fraction were determined imme- 
diately after 3 minutes of infusion when the animals were in 
a steady state as judged from heart rate, aortic pressure and 
ventricular end-diastolic pressure. 

Myocardial ischemia during atrial pacing: To evaluate 
the potential for myocardial ischemia when oxygen require- 
ments are enhanced, a bipolar electrode catheter was posi- 
tioned at the junction of the superior vena cava and right 
atrium through the jugular vein to accelerate heart rate and 
a Goodale-Lubin catheter placed in the coronary sinus. After 
simultaneous collection of arterial and coronary sinus blood 
samples for estimation of lactate? and pyruvate?? in the 
control state, atrial pacing was initiated with the use of a 
Medtronic model 5737 pacemaker. A 50 to 60 beat/min in- 
crement over the control state was achieved with atrial pacing. 
At 3 minutes of steady state pacing simultaneous arterial and 
coronary sinus blood samples were obtained in duplicate for 
lactate and pyruvate determinations. The left ventricular and 
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aortic pressures were continuously monitored just before and 
during atrial pacing. 


Myocardial Composition and Morphology 


Cell cation distribution: To determine cell cation distri- 
bution extracellular space was measured with chromium- 
51-EDTA, a marker that has been described as a reliable 
method of measuring extracellular space.?? We have compared 
sucrose and chromium-51-EDTA during pulse injections and 
found the calculated extracellular space in myocardium at 19 
percent of tissue space to be essentially the same with both 
indicators.?! For the purpose of this study, we used a sustained 
60 minute infusion of the isotope because equilibrium between 


the vascular and interstitial space is more readily sustained 


as judged by the constancy of serial venous plasma samples 
taken from the coronary sinus.?? These were taken at 1 minute 
intervals in the last 10 minutes of the infusion. 

Myocardial samples: At the conclusion, the chest was 
rapidly opened and the heart arrested with iced Ringer's 
lactate. A transmural sample was taken from the left ven- 
tricular free wall and lipid extracted by the Folch procedure 
for determination of triglyceride, cholesterol and phospho- 
lipid.!?-14 For calcium analyses, a left ventricular transmural 
sample was homogenized in 0.3N hydrochloride using a Pol- 
ytron PT-10. After standing 24 hours, the homogenate was 
centrifuged at 600 X g and the supernatant analyzed for cal- 
cium by the calcium o-cresolplethalein complexone-com- 
plexometric reaction?? using an automated analyzer. Eight- 
hydroxy-quinoline was included in the reaction to eliminate 
interference from magnesium.?* Septal and free wall 
transmural samples were also taken; the latter were divided 
into outer, middle and inner thirds. Trichloracetic extracts 
of these samples were analyzed for hydroproline to calculate 
collagen content.*° 

Another transmural sample was rapidly obtained and the 
epicardium carefully trimmed to remove perivascular adipose 
tissue. Samples were homogenized in a volume of distilled 
water three times the tissue weight and electrolytes were ex- 
tracted for 48 hours. Calculation of cell and extracellular water 
and electrolyte distribution was done according to Manery.?6 
Potassium and sodium levels were determined on an Auto 
Analyzer system with flame attachment. A portion was taken 
for analysis of Chromium-51-EDTA in a Nuclear-Chicago 
scintillation counter. Assays of plasma cations and isotope in 
coronary venous blood were also performed. Separate samples 
were taken to determine wet and dry weights by heating in an 
oven at 100°C for 18 hours. 

Histology: Sections were taken from the left ventricular 
myocardium for histochemical examination. These included 
trichrome staining and Alcian Blue at three acid pH levels.37-38 
Also, specimens for electron microscopy were fixed in cold 
glutaraldehyde buffered with phosphate. The tissue was then 
washed, postfixed in osmium, exposed to lead and uranyl ac- 
etate and imbedded in epon. 


Results 


The eight chronic alcoholic animals were divided into 
two groups on the basis of the duration of alcohol con- 
sumption. There were four animals in each control and 
experimental group. A small weight gain occurred at the 
conclusion of the observation period that was similar 
in both alcoholic and normal control animals. Hemat- 
ocrit, serum albumin and fasting blood glucose in the 
unanesthetized state were initially within normal limits 
in the alcoholic and control groups and were essentially 
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unchanged at termination. Because animals in the 
short- and long-term control groups did not exhibit 
differences in left ventricular function or composition, 
they were pooled for comparison with the alcoholic 


groups. 
Hemodynamic Studies 


Hemodynamic records were measured without 
knowledge of the type of animal. Values for heart rate 
and mean aortic pressure at rest in the control animals 
were not different from those of the alcoholic groups 
(Table I). Left ventricular end-diastolic pressure and 
end-diastolic volume at rest were also similar in the 
three groups. Although the control group showed a 
significant increase of stroke volume after infusion of 
saline solution neither alcoholic group had a significant 
stroke output increment. Ejection fraction responses 
were similar in the alcoholic groups and not significantly 
different from those of control animals. Saline infusion 
was associated with a significantly higher rise of end- 
diastolic pressure in both short- and long-term alcoholic 
groups than in the control groups, without a significant 
difference in the end-diastolic volume responses. 

To assess the dependence of the filling pressure re- 
sponse on the initial end-diastolic volume in the two 
groups of alcoholic animals, the four with larger vol- 
umes were compared with the three with smaller vol- 
umes. The former, at a mean end-diastolic volume of 
4.37 + 0.5 ml/kg exhibited an end-diastolic pressure 
increase from 5.8 + 0.0mm Hg to 13.8 + 3.0. Those an- 
imals with the lower initial end-diastolic volume at 2.66 
+ 0.16 ml/kg responded to infusion of saline solution 
with an end-diastolic pressure increment from 8.7 + 0.7 
mm Hg to 20.3 + 3.2 mm Hg, a response that did not 
differ from the animals with larger initial volumes. 
These contrast with a 3.1 mm Hg increase in the normal 
control animals, despite a similar level of end-diastolic 
volume during infusion of saline solution. Thus the 
filling pressure response in the alcoholic animals ap- 
pears to be largely independent of volume and as indi- 


VCE 


dP/dt/MIP 
(ML/sec) 


FIGURE 1. The index of contractility (right panel) was 
significantly lower than the control value only in the 
long-term alcoholic group. Similarly, the velocity of 
the contractile element (Vce) (left panel) was also 
reduced in the long-term group. MIP — maximal iso- 
volumic pressure; p = probability. 





D Irr UAA WA MASTER NE 0808 Sn n roro — c: 


cated later is compatible with enhanced rayocardial 
stiffness. 

The index of contractility in the resting state was 
significantly lower in the long-term (group 2) than in the 
short-term (group 1) study group or in the control group 
(Fig. 1, Table I). This finding was attributable to a sig- 
nificant difference in the left ventricular dP/dt max. In. 
addition, Vce was also significantly reduced in the 
long-term study group. However, ejection fraction at 
rest was similar in the three groups (control animals 28.3 
+ 2.0 percent; group 1, 30.1 + 84 percent; and Group 2, 
27.0 + 2.9 percent). 

A potential ischemic basis for the abnormalities of 
left ventricular performance was assessed during 
cardiac pacing. Arterial blood lactate and pyruvate 
were relatively constant before and during atrial pacing 
and there was no evidence of lactate production during 
atrial pacing. The arterial-coronary sinus difference was 
0.39 + 0.04 ml/liter in the control state and 0.47 + 0.05 
during pacing. Pyruvate extraction was also unal- 
tered. 


Myocardial Composition 


Collagen concentration: Because the observed 
decrease in ventricular compliance could be related to 
alterations of myocardial composition, the latter was 
analyzed for collagen concentrations (Table II). There 
was significant accumulation of collagen in most layers 
of myocardium in the alcoholic dogs compared with 
normal animals. However, there was no difference be- 
tween alcoholic groups. By histologic examination with 
Alcian blue stain this accumulation was observed in the 
interstitium between myofibers as well as at perivas- 
cular loci. Combined left ventricular and septal weights 
were 4.5 + 0.27 g/kg body weight in the control animals, 
4.1 + 0.31 in group 1 and 4.3 + 0.26 in group 2. Because 
the weight of the left ventricle and septum did not ex- 
ceed that of control animals, hypertrophy did not ap- 
pear to contribute to the functional alterations of the 
ventricle in the alcoholic animals. 
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TABLE Il 
Left Ventricular Collagen* 
Outer 1/3 . Mid 1/3 Inner 1/3 Septum 

Normal group (N) 4.64 3.94 4.25 4.60 

(n = 8) +0.17 +0.17 +0.22 +0.35 
Groups 5.93 4.91 5.17 5.56 

1 and 2 +0.43 +0.24 +0.34 +0.27 

(n = 8) 
p vs. N «0.03 «0.02 «0.07 «0.05 


* ug/mg of dry weight. 


Cell water and cations: Left ventricular calcium 
concentration was 9.2 + 1.8 mEq/kg dry weight in the 
control group, 9.7 + 0.6 in the short-term group and 10.6 
+ 1.5 in the long-term group. Determination of myo- 
cardial extracellular volume did not indicate any dif- 
ference from the control value in the alcoholic groups 
(Fig. 2, Table III). However, there was a significant in- 
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"ESTIMATED BY 5'Cr EDTA 
CONSTANT INFUSION TECHNIQUE 
FIGURE 2. Cell sodium (Na*) and water were significantly enhanced 
in the long-term study group without an associated potassium (K*) loss. 
There were no significant changes in the short-term group. 


crease of cell water and sodium ion concentration in the 
long-term study group. Despite these alterations cell 
potassium concentration was not reduced in the alco- 
holic animals. As the only time-dependent alteration 
of myocardial composition observed, the increments in 
cell sodium and water may relate to the time-dependent 
change in contractility indexes. 

Electron microscopy revealed dilatation of the sar- 
coplasmic reticulum that appeared to be more promi- 
nent in the long-term study zroup (Fig. 3), but this 
change was not assessed quantitatively. Both alcoholic 
groups exhibited some areas of swollen subsarcolemmal 
regions and dilatation of the undifferentiated portion 
of the intercalated disc. There were no evident abnor- 
malities in the appearance of myofibrils. 

Myocardial lipids: Analysis of the myocardial lipids 
showed significant triglyceride accumulation as the only 
lipid alteration in the myocardium. Concentrations were 
5.83 + 0.75 umol/g in group 1 and 5.39 + 0.59 in group 
2 and were two-fold above control levels of 2.6 + 0.37. 
Plasma lipids were not significantly changed in any 


group. 
Discussion 


Because heart failure has not been produced in an 
animal model fed ethanol for a long period, the question 
has been raised as to whether the cardiomyopathy ob- 
served in alcoholic patients is solely attributable to 
ethanol intake. An ingestion period of many years is 
apparently required for the development of clinical 
disease in human beings.?? 

Compliance and eollagen: This study has indicated 
that a long-term intake of ethanol for approximately 4 
years is not associated with significant progression of 
the diminished compliance seen in shorter-term ex- 
periments. Because left ventricular weight in both 
groups of alcoholic animals did not differ from that of 
control animals, in contrast to circumstances with col- 
lagen increments associated with enhanced afterload,*? 
hypertrophy did not appear to contribute to the func- 
tional abnormalities. In both groups of alcoholic ani- 
mals, collagen increments in the myocardium were lo- 
cated in perivascular loci, penetrating between myofi- 
bers as judged from Alcian blue histochemical studies. 
Elasticity of muscle has been attributed predominantly 
to extracellular struetures*! and accumulation of ex- 
tracellular fibrous protein can diminish diastolic com- 
pliance as seen in the early stages of amyloid heart dis- 
ease.*?^? Although alteration of other myocardial ele- 
ments such as sarcolemma could contribute to the 
change in compliance in alcoholic animals, the finding 
that the increase in collagen and alterations in compli- 
ance were not progressive within these time limits 
supports this view. 

Collagen deposition in myocardium occurs relatively 
early during ethanol feeding, analogous to the hepatic 
alterations.**^4^ Lack of progression in the animals fed 
ethanol for 4 years suggests that after early accumula- 
tion, synthesis and degradation of this protein are rel- 
atively equal. Larger increments may depend on a 
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longer exposure to ethanol; genetic or dietary factors 
that have not yet been delineated. 

Altered contractility: A prior study^6 of a canine 
alcoholic model concluded from analysis of glycerinated 
heart muscle preparations that the force-velocity rela- 
tion (Vmax) was significantly reduced. The duration of 
ethanol feeding was approximately one half of that in 
our long-term study group, which may explain the ab- 
sence of changes in maximal developed tension, maxi- 
mal rate of tension rise and time to peak tension in that 
study. That the diminished indexes of contractility 
observed after 4 years of ethanol feeding has a parallel 
in human alcoholism is noteworthy. In subjects without 
signs or symptoms of cardiac abnormality and normal 
hemodynamics at rest, contractility was reduced to a 
level intermediate between those of patients with heart 
failure and normal persons.! Ejection fraction in our 
long-term groups was slightly, but not significantly, 
reduced and did not reflect the diminished contractility 
at rest. This was presumably related to the larger pre- 
vailing end-diastolic volume compared with that of 
control animals which would be expected to raise a re- 
duced ejection fraction,*’ just as reduced afterload may 
be associated with a normal ejection fraction even when 
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TABLE Ill 
Cell Cations and Water Distribution in Left Ventricle 
Water (ml/k 
Extra- 
Dog Potassium* Sodium* cellular Cell 
Normal Group (N) (n = 8) 
118.3 + 4 12.6 £2 157.729 590.848 
Group 1 (short-term) 
1 140.7 19.0 289.2 490.7 
2 134.0 6.5 320.8 506.1 
3 99.9 24.5 172.9 644.0 
4 124.4 42.6 162.7 639.2 
Mean 124.8 23.2 236.4 570.0 
SEM +8.9 +7.5 +40.2 +41.5 
p vs. N NS NS NS NS 
Group 2 (long-term) 
5 110.1 41.7 164.6 638.3 
6 121.2 24.5 138.5 655.4 
7 94.5 38.3 202.7 627.3 
8 116.8 38.5 150.6 627.3 
Mean 110.7 35.8 164.1 637.1 
SEM +5.8 3.8 13.9 6.6 
p vs. N NS <0.006 NS <0.005 





FIGURE 3. Electron micrograph from the left ventricular myocardium of a long-term alcoholic animal. Arrow at upper right indicates a portion of 
the dilated sarcoplasmic reticulum system. At the lower left is a lipid body, and the arrow in the middle indicates a mitochondrion that appears 
to be within the limits of normal. Glycogen particles are diffusely distributed. 
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contractility is depressed.*® Alcoholic subjects without 
heart failure who had moderate impairment of the 
contractility index did not have a significant reduction 
of ejection fraction (Ahmed et al., unpublished obser- 
vations). 

Pathogenesis of altered contractility: The mech- 
anism of altered contractility in the long-term alcoholic 
group is not clear. High energy phosphate levels do not 
appear to be diminished*® and total calcium concen- 
trations in the left ventricle were not reduced in our 
long-term group, although an intracellular redistribu- 
tion has been suggested.*® Impaired fluxes of calcium 
in sarcoplasmic reticulum have been observed in a 
chronic alcoholic model and dilatation of this organelle 
was particularly prominent in the animals that con- 
sumed ethanol for 4 years. Assuming that the significant 
increase of cardiac cell water and sodium in this group 
was reflected in the sarcoplasmic reticulum, resultant 
distortion of the membranes in this system may be re- 
sponsible for altered calcium transport and contractility 
after prolonged feeding of ethanol. A direct effect of 
long-term use of ethanol on contractile protein and its 
regulatory enzymes is not excluded. 

Inhibition of sodium potassium adenosine triphos- 
phatase (A'TPase) has been described in several organs 
as a result of the long-term feeding of ethanol.® How- 
ever, the gain of sodium by the myocardium was not 
associated with potassium loss in contrast to the situa- 
tion in which myocardial ATPase is inhibited by digi- 
talis.?^? In addition, accumulation of water contrasts with 
the typical response to inhibition of this enzyme. Pre- 
vious observations have indicated an altered fatty acid 
incorporation* as well as composition of phospholipid®® 
in animals fed ethanol for a long period. Thus, one of the 
membrane properties limiting permeability of the cell 
to sodium and water may be affected by the phospho- 
lipid alteration without affecting the normal transcel- 
lular gradient of potassium. 

Increased levels of cell sodium and water do not ap- 
pear to represent a nonspecific consequence of dimin- 


ished contractility. In experimental pressure overload 
with aortic banding for up to 9 months cell sodium was 
fcund to be diminished without an apparent change in 
cell water when cardiac decompensation was present.! 
Before this time cel! cations remained normal. More- 
over, there is no clear evidence of a generalized disorder 
of sodium and water metabolism after long-term use of 
ethanol in contrast to acute administration.?? In rela- 
tively shorter long-term experiments, renal excretion 
of sodium as well as plasma levels of the cation were not 
altered significantly. A role for enhanced secretion of 
aldosterone is possible but no systematic change in 
plasma levels of this hormone has been observed in al- 
coholism.°*? Moreover, one would anticipate a change 
in the extracellular space of myocardium with enhanced 
activity of this hormone and such was not present in our 
study. 

Progression to heart failure: These experiments 
support the view that long-term use of ethano! in sub- 
stantial quantities can produce myocardial alterations 
that may be considered as antecedent to heart failure, 
analogous to the preclinical cardiomyopathy in human 
aleoholics.? Whether development of heart failure in the 
animal model depends on a longer period of ethanol 
ingestion, cigarette use common to alcoholism in human 
beings, physical activity or subtle nutritional abnor- 
malities remains to be elucidated. Gender is one factor 
that may modify the long-term cardiac response in al- 
coholism, because young female alcoholics failed to 
demonstrate a preclinical cardiac abnormality that was 
present in a matched male group.™ Intensification of 
interstitial collagen accumulation and the intracellular 
cation abnormalities thought to be related to dimin- 
ished contractility may both be critical for progression 
to cardiac decompensation. 
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To establish whether the prophylactic use of verapamil, nifedipine or 
propranolol protects heart muscle against the deleterious effects of global 
ischemia and reperfusion, rabbits were injected subcutaneouslv twice 
daily with 2.0 mg/kg of one of these drugs for 4 to 5 days. The hearts were 
then isolated, paced and either perfused aerobically, made total!y isch- 
emic for 90 minutes or made ischemic for 90 minutes and then reperfused. 
At the end of this time some of the hearts were assayed for adenosine 
triphosphate (ATP), creatine phosphate (CP) and calcium (Ca++). Other 
hearts were homogenized, the mitochondria harvested and monitored 
for oxidative phosphorylating and ATP-generating capacity and Ca** 
content. The effect of Ca++ on the ATP-generating capacity of cardiac 
mitochondria was also determined. 

Hearts that were made ischemic gained Ca++. The endogenous stores 
of ATP and CP were depleted; the mitochondria accumulated Ca* * and 
the oxidative phosphorylating activity (respiratory control index and 
oxygen quotient) was impaired. During reperfusion, tissue and mito- 
chondrial Ca** was substantially increased, the capacity of the mito- 
chondria to use O; for state Ill respiration was further impaired and the 
ATP-generating capacity reduced. Resting tension increased and there 
was only a small recovery of active tension generation. 

Hearts from the rabbits treated with propranolol, verapamil or nifedipine 
were protected against ischemia, and ischemia with reperfusion-induced 
decline in the ATP-generating and O;-utilizing capacity of the mitochon- 
dria. There was also a less marked increase in tissue and mitochondrial 
Ca++ and the systolic tension-generating capacity of the hearts was better 
maintained. 


Ischemia has two important consequences—a reduction in the supply 
of oxygen and substrate and a retention of the products of metabolism.! 
The resultant functional, metabolie and morphologic changes are 
complex, and if the supply of oxygen is not rapidly restored cell death 
and necrosis will result.2-° Procedures that might reduce the severity 
of ischemia-induced damage include administration of agents that either 
facilitate better perfusion (hyaluronidase®’) and stabilize membrane 
ultrastructure (glucocorticosteroids®) or improve the balance between 
energy production and utilization (beta adrenergic receptor antagonists? 
and inhibitors of slow channel calcium (Ca**)-transport such as vera- 
pamil!®!! and nifedipine.12?.1? 

The maintenance of mitochondrial function is of fundamertal im- 
portance.!4 Previously, we have shown that the prophylactic use of either 
verapamil!? or propranolol!6 protects cardiac mitochondria against some 
of the damage caused by hypoxia (inadequate oxygenation in the pres- 
ence of maintained coronary arterial flow). The purpose of this study 
was to determine whether verapamil, nifedipine or propranolo! can be 
used prophylactically to protect cardiac mitochondria against deterio- 


242 August 1980 The American Journal of CARDIOLOGY Volume 46 


ration in function caused by global ischemia and re- 
perfusion.!4 


Methods 


Animals: Adult male New Zealand white rabbits (2.5 to 3.0 
kg body weight) were used. The control rabbits received 1 
mg/kg of 0.9 percent sodium chloride solution subcutaneously 
twice daily, and the other rabbits 2.0 mg/kg of either racemate 
propranolol, verapamil or nifedipine twice daily for the same 
period of time. This regimen provided plasma levels compa- 
rable with those used clinically.!516 Treatment was main- 
tained for 4 to 5 days. The rabbits used for a particular ex- 
periment were chosen at random 2 hours after the last injec- 
tion. 

Perfusion of hearts: The rabbits received a standard diet 
of water and a Short Gamage diet. When required, each rabbit 
was stunned by a blow on the head. The heart was rapidly 
excised and perfused by the nonrecirculating Langendorf 
technique.!?-17 Each heart was paced at 180 beats/min.15.16 
Resting and developed systolic tension was monitored as 
previously described.!? 

After 20 to 30 minutes of aerobic perfusion (Krebs-Hen- 
seleit buffer solution gassed with 95 percent O2 + 5 percent 
CO») the hearts were randomly separated into three groups 
(Fig. 1). In one group perfusion was continued as described 
for another 120 minutes. The second group (Fig. 1) were made 
totally ischemic for 90 minutes; the remainder were made 
totally ischemic for 90 minutes and then reperfused for an- 
other 30 minutes. Left ventricular wall temperature was 
maintained at 35 to 36°C, irrespective of coronary flow. 

After the required period of perfusion, ischemia and re- 
perfusion, the hearts were either assayed for adenosine tri- 
phosphate (ATP), creatine phosphate (CP) and Ca** or the 
mitochondria were harvested!9?!6 and assayed for O2 con- 
sumption ATP generation and Ca** content (Fig. 1). 

Mitochondrial studies: 1. Oxidative phosphorylation: 
The mitochondria were isolated by differential centrifuga- 
tion!?16 using either the ethylenediaminetetraacetic acid 
(EDTA)-containing medium described by Sordahl et al.!8 or 
the EDTA- and albumin-free medium described by Peng et 
al.!9 The composition of the pellets was checked as previously 
described.!6.16 Function was assessed in terms of oxygen 
quotient (n atoms O» used per milligram mitochondrial pro- 
tein per minute in response to the addition of adenosine di- 
phosphate [ADP|—that is, state III respiration); RCI (respi- 
ratory control index) (the ratio of Os used in the presence of 
ADP to that used after conversion of ADP to ATP), and the 
ADP/O» ratio (n moles ADP used/n atoms O» consumed). 

O» consumption was monitored polarigraphically at 25? 
C using a Gilson oxygraph and a Clark O» electrode.!6 The 
incubation medium contained 250 mM sucrose, 50 mM Tris, 
3.0 mM Tris-glutamate (or succinate), 3.0 mM potassium 
dihydrogen phosphate and 0.25 mM ADP, pH 7.3 with or 
without 0.5 mM EDTA as indicated. Protein was added to 
provide a final concentration of 1.25 mg of mitochondrial 
protein per milliliter of reaction mixture, protein being de- 
termined by the method of Bradford,?? standardized against 
crystalline bovine albumin. 

2. ATP generation and Ca** content: The mitochondria 
for these studies had to be extracted under conditions that 
favored retaining of the endogenous Ca**. The EDTA-free 
albumin-free extraction medium described by Peng et al.!9 
was therefore used, with the addition of 5 uM of ruthenium 
red, to prevent the mitochondria from exchanging Ca** with 
the extraction medium. ATP-generating capacity was moni- 
tored by adding freshly isolated mitochondria to a reaction 
medium containing 250.0 mM of sucrose, 12.5 mM of Tris- 
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic 


acid), pH 7.2; 3.0 mM of Tris-glutamate and 3.0 mM of po- 
tassium dihydrogen phosphate. Mitochondria were added to 
provide a final concentration of 2.5 mg protein/ml, and the 
reactions, which were performed at 25? C, started by adding 
ADP to provide a final concentration of 2.5 mM. Fifteen, 30, 
45, 60 and 120 seconds later 50 uliter samples were removed 
from the reaction vessel, either added to 10 percent perchloric 
acid or boiled, and then assayed for ATP by measuring the 
change in absorbance at 340 nm caused by the reduction of 
nicotinamide-adenine dinucleotide phosphate (NADP) in a 
coupled system containing glucose, hexokinase and glucose- 
6-phosphate dehydrogenase.!5?! 

Mitochondrial Ca** was assayed spectrophotometrically 
using digests of the pellets in an atomic absorption spec- 
trometer (model 306, Perkin-Elmer, Buckinghamshire, United 
Kingdom) with limestone (CaCO3) as the standard. Lantha- 
num trichloride (LaCla) was added to provide a final con- 
centration of 0.1 percent. 

Effect of Ca?* on mitochondrial ATP production: To 
establish whether Ca** affected the ATP-generating capacity 
of cardiac mitochondria, mitochondria were harvested from 
freshly excised hearts as described by Sordahl et al.18 The 
mitochondria were added to a reaction medium containing 250 
mmol sucrose, 10 mM of Tris buffer, pH 7.2, 3 mM of Tris 
glutamate, 3 mM of potassium dihydrogen phosphate and 10 
mM of nitrilotriacetic acid (NTA) (added as a Ca* * buffer). 
Calcium was added as calcium chloride (CaCl) to provide a 
free Ca** of between 0 and 150 uM as required; this amount 
of CaCly was needed to provide the required free Ca** con- 
centration being calculated using an ion-complexes in solution 
computer program and available stability constants.?? Mito- 
chondrial protein was added to provide a final concentration 
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FIGURE 1. Schematic representation of experimental schedule. ADP/O 
— ratio of n moles adenosine diphosphate used to n atoms of oxygen 
consumed; ATP = adenosine triphosphate; CP = creatine phosphate; 
QO» = oxygen quotient; RCI = respiratory control index. 
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of 2.5 mg protein/ml. The reaction was performed at 25° C and 
was started by adding ADP to provide a final concentration 
of 2.5 uM. Three minutes later (and hence at a time when state 
III respiration had stopped)?? samples were taken, mixed with 
10 percent perchloric acid or boiled, and assayed for ATP.?! 
In some experiments ruthenium red was added to the incu- 
bation medium to provide a final concentration of 5 uM. 

Tissue ATP, CP and Ca**: The perfusion of hearts in 
which ATP and CP levels were to be measured was terminated 
by freeze clamping between large precooled stainless steel 
tongs.?? Approximately 200 mg of the frozen muscle was 
pulverized and assayed for ATP and CP, as previously de- 
scribed. Tissue Ca** was measured by atomic absorption 
spectrometry as already described, using nitric acid (HNO3) 
digests. 

Statistical analysis: Results are expressed as mean + 
standard error of n experiments. Tests of significance were 
made using either Student's ¢ test or the paired t test as ap- 
propriate, taking p = 0.05 as the limit of significance. 

Reagents: Analytic reagent grade chemicals were used. 
Propranolol, verapamil and nifedipine were used in the ra- 
cemate form, and the nifedipine was not exposed to light. 
Propranolol (as the hydrochloride) was obtained from Im- 
perial Chemical Industries, Maccelsfield, England; verapamil 
(as the hydrochloride salt) from Knoll A.G., Ludwigshafen, 
Germany; and nifedipine (as Bay 1040) from Bayer, A.G., 
Germany. 


Results 


Oxidative phosphorylation studies: 1. Control aerobic 
perfusions (Table I): Irrespective of whether the mitochon- 
dria were harvested in the absence or presence (results not 


TABLE ! 
Effects of Ischemia and Reperfusion on 
Oxidative Phosphorylation 
Perfusion 
Ischemia 
(90 min) 
4 
Aerobic Ischemic Reperfusion 
Treatment (120 min) (90 min) (30 min) 
RCI 
Saline control 5.7 10.6 3.4 + 0.2 1.8 € 0.3 
Verapamil 4.6 X 0.5 4.2 + 0.3! 4.2 + 0.5* 
Nifedipine 5.2 + 0.6 4.6 + 0.6T 4.4 + 0.6* 
Propranolol 5.9 0.6 5:5 b 0.2" 5.2 = 0.5* 
QO2 
Saline control 192 + 16 148 + 12 62.5 t 0.3 
Verapamil 190 + 32 171+ 25! 162: 12° 
Nifedipine 196 + 23 181: 12* 160 + 12* 
Propranolol 180 + 13 172 + 15! 198 4- 174 
ADP/Os 
Saline control 2310102 1.9 + 0.1 1.5 0.3 
Verapamil 2.4 t 0.1 2:5 23: 0.1* 2.0 + 0.3" 
Nifedipine 2.4 t 0.1 2.4 + 0.3* 2.5+0.2* 
Propranolol 2.6.2 0.1 2.6 + 0.3* 2.4 + 0.3* 
f the difference between the 


* p <0.001, relate to the significance o 
results obtained with mitochondria from the hearts of the control rabbits 
treated with saline solution and those obtained for the drug-treated 
series. Results are presented as mean + standard error of the mean 
of six separate experiments; ! p <0.01. 

ADP/O» = adenosine diphosphate/oxygen; QO. = oxygen quotient; 
RCI — respiratory control index. 


shown) of EDTA, the respiratory control index (RCI), QOs 
and ADP/O» values obtained after 2 hours of aerobic perfusion 
were not significantly different from those exhibited by mi- 
tochondria that had been isolated after the initial 20 to 30 
minutes of perfusion (Fig. 1). The RCI, QO: and ADP/O, 
values of mitochondria isolated in the absence of EDTA were 
always lower than those isolated in the presence of EDTA. 
However, irrespective of which extraction medium was used 
the RCI (p <0.05) and QO; (p <0.05) values obtained for mi- 
tochondria harvested from freshly excised nonperfused hearts 
were higher than those obtained for the mitochondria of the 
aerobically perfused hearts, although the yield was the same 
(12.6 + 0.8 mg/g wet weight). 

Pretreating the rabbits with verapamil, nifedipine or 
propranolol made no difference to the oxidative phosphor- 
ylating activity of the mitochondria irrespective of whether 
the hearts were perfused before the mitochondria were ex- 
tracted and irrespective of which extraction medium was used. 
Verapamil, nifedipine and propranolol had no effect when 
added directly to the freshly isolated mitochondria. 

2. Ischemia and reperfusion (Table I): When hearts from 
untreated rabbits were made totally ischemic for 90 minutes 
the yield of mitochondria was unchanged (p «0.8) but QO», 
RCI and ADP/O; were reduced. Reperfusion after 90 minutes 
of ischemia resulted in a further decline in RCI and QO». 
These results relate to mitochondria extracted in the absence 
of EDTA and incubated in the presence of glutamate. Similar 
results were obtained if succinate was used as a substrate and 
if the extraction medium contained EDTA (results not 
shown). 

Pretreatment with verapamil, nifedipine or propranolol 
protected the mitochondria against the deterioration in 
function caused by 90 minutes of ischemia and against the 
exacerbation of that damage during reperfusion. This pro- 
tective effect was observed irrespective of the presence or 
absence of EDTA in the extraction medium and irrespective 
of whether glutamate or succinate was used as substrate. 
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FIGURE 2. Effect of twice daily injections of 2.0 mg/kg verapamil, ni- 
fedipine or propranolo! on ischemia and ischemia plus reperfusion- 
induced changes in mitochondrial Ca* *. The mitochondria were isolated 
in the absence of a chelating agent and in the presence of micromolar 
amounts of ruthenium red to ensure that they retained their endogenous 
Ca** during extraction. n = number of separate perfusions; p = 
probability that the difference between the results obtained for the 
untreated and the relative drug-treated series was significant; SE — 
standard error of the mean. Control refers to mitochondria harvested 
from hearts that had been perfused aerobically for 120 minutes. The 
hearts were all paced (see text). 
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Mitochondrial Ca** (Fig. 2): Control studies showed that 
2 hours of aerobic perfusion had no effect (p <0.8) on mito- 
chondrial calcium. Mitochondria gained some Ca** (p «0.01) 
during 90 minutes of ischemia and reperfusion caused a much 
larger increase (p «0.001). 

Although pretreatment with verapamil, nifedipine or 
propranolol did not effect the calcium content of mitochon- 
dria isolated from aerobically perfused hearts, such pre- 
treatment reduced the gain in mitochondrial calcium caused 
by 90 minutes of ischemia and the exacerbation of that gain 
during reperfusion. 

Mitochondrial ATP production (Fig. 3): ATP production 
was monitored using mitochondria obtained from the aerobic 
and ischemic reperfused hearts. The mitochondria were 
harvested in the medium that lacked EDTA and contained 
ruthenium red, so that they would retain their Ca**. Pre- 
treatment with verapamil, nifedipine or propranolol failed to 
alter the rate at which the mitochondria of the aerobically 
perfused hearts converted ADP to ATP. Also, mitochondria 
from the untreated ischemic and reperfused hearts converted 
ADP to ATP relatively slowly (p «0.001). 

Pretreating the rabbits with verapamil, nifedipine or 
propranolol resulted in the maintenance of a relatively fast 
rate of ATP production (p «0.001) even after 90 minutes of 
ischemia and another 30 minutes of reperfusion. When these 
drugs were added directly to the incubation medium to pro- 
vide a final concentration of 15 uM none of them altered the 
rate at which the mitochondria converted ADP to ATP (re- 
sults not shown). 

Tissue Ca**, ATP and CP reserves (Fig. 4): Although 
90 minutes of ischemia caused only a small gain in tissue Catt 
(p «0.05), reperfusion resulted in a large gain (p «0.001). 
Pretreating the rabbits with verapamil, nifedipine or pro- 
pranolol had no effect on the Ca++ content of the aerobically 
perfused hearts but it reduced (p «0.001) the gain in tissue 
Ca** caused by the episodes of ischemia and reperfusion. 

Further evidence of the protective effect of pretreatment 
with verapamil, nifedipine or propranolol was obtained in 
the experiments in which the perfused hearts were frozen and 
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FIGURE 3. Effect of twice daily subcutaneous injections of 2.0 mg/kg 
verapamil, propranolol or nifedipine on the rate of ATP production by 
mitochondria that had been isolated after either 120 minutes of aerobic 
perfusion (aerobic) or 90 minutes of ischemia followed by 30 minutes 
of reperfusion. Each point is the mean of four separate experiments. 
The standard error bars have been omitted for purposes of clarity. p 
= probability that the results obtained for ischemic-reperfused drug- 
treated hearts differed significantly from those obtained for the untreated 
series. ATP production was monitored at the indicated points (see text 
for details of assay and reaction mixture). The mitochondria were iso- 
lated in the absence of a chelating agent so that they would retain their 
endogenous Ca**. 
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TABLE Il 


Effect of Ischemia and Reperfusion on Myocardial Stores of 
Adenosine Triphosphate (ATP) and Creatine Phosphate (CP) 


Perfusion 
Ischemia 
(90 min) 
Aerobic Ischemic + 
Treatment (120 min) (90 min) Reperfusion 
ATP (umol/g dry weight) 
Control 18.4 4 1.2 4.6 + 0.8 4.2 t 0.3 
Verapamil 19.1 4 1.8 14.8 + 0.9* 15.6 + 1.2* 
Nifedipine 19.3 & 1.1 14.3 + 1.0* 15.9 + 0.8* 
Propranolol 18.8 + 2.0 13.6 + 1,2* 15.2 X 1.3" 
CP (umol/g dry weight) 
Control 32.8 + 1.6 5.2 + 0.6 6.6 + 0.8 
Verapamil 31.6 + 2.7 14.6 + 1.6* 19.6 + 0.4* 
Nifedipine 32.1 X 1.8 14.2 + 2.4* 19.1 € 0.8* 
Propranolol 30.2 + 2.1 13.3 = 1.6° 18.6 2.2" 
* p € 0.001. 


Results are expressed as mean + standard error of the means of six 
individual experiments. Tests of significance calculated with respect 
to the difference in test results from the control animals treated with 
saline solution (see text). 


assayed for ATP and CP (Table II). As expected, ischemia and 
ischemia plus reperfusion depleted the endogenous stores of 
ATP and CP. Pretreating the rabbits with either verapamil, 
nifedipine or propranolol resulted in a significant (p <0.001) 
preservation of the cardiac stores of ATP and CP in the 
ischemic hearts and those with ischemia plus reperfusion. 
Pretreatment with these drugs had no effect on the ATP and 
CP content of the aerobically perfused hearts. 

Effect of Ca** on mitochondrial ATP production (Fig. 
5): The mitochondria used in these experiments were har- 
vested in the EDTA-containing extraction medium (see 
Methods). The effect of Ca** on ATP production was inves- 
tigated over a free Ca** range of 1 nM to 150 uM, using NTA 
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FIGURE 4. Effect of twice daily subcutaneous injections of 2.0 mg/kg 
of verapamil, nifedipine or propranolol on the Ca* * content of heart 
muscle after 120 minutes of aerobic perfusion (control), 90 minutes 
of ischemia or ischemia for 90 minutes followed by reperfusion. n — 
number of separate experiments made under the relevant conditions; 
p = probability that the Ca++ content of heart muscle from the untreated 
rabbits was significantly different from that of the relative treated rabbits; 
SE = standard error of the mean. 
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FIGURE 5. Effect of Ca* * on mitochondrial ATP production. In some 
experiments ruthenium red was added to prevent the mitochondria from 
accumulating Ca++ from the isolation medium. The experiments were 
performed at 25? C using mitochondria obtained from untreated, non- 
perfused heart muscle. Nitrilotriacetic acid was used as a Ca* * buffer, 
to provide a concentration of free Ca* * ranging between 0 and 160 
pmol. Abbreviations as in Figure 2. 


as a Catt buffer. Increasing the free Ca** slowed the rate of 
ATP production and this effect of Ca** was blocked by 
ruthenium red. 

Mechanical function studies (Tables III and IV): When 
paced, aerobically perfused hearts from the rabbits treated 
with propranolol had approximately the same peak systolic 
tension (in grams) (16.6 + 5.0, n = 19) as the control animals 
given saline solution (14.6 + 3.4, n = 37). By contrast the 
hearts of the rabbits treated with verapamil (9.4 + 2.7, n = 16) 
and nifedipine (10.6 + 2.6, n = 14) manifested less (p <0.01) 
tension than the control animals treated with saline solution. 
Pretreatment with either propranolol, nifedipine or verapamil 
reduced the rise in resting tension that occurs during reper- 
fusion and increased the percent recovery of peak systolic 
tension development. 


Discussion 


Myocardial Protective Effect 


These results show that pretreatment with verapamil, 
nifedipine or propranolol protects the myocardium and 


TABLE Ill 
Effect of Ischemia and Reperfusion on Resting Tension 
Perfusion 
Ischemia 
(90 min) 
Aerobic Ischemic T 
Treatment (120 min) (90 min) Reperfusion 
Control (n = 17) 0 1.7 0.3 6.6 + 0.7 
Verapamil (n = 10) 0 1.1 € 0.21 3.5 4- 0.5* 
Nifedipine (n — 10) 0 0.8 + 0.2* 1.8 £0.27 
Propranolol (n = 14) 0 1.2 + 0.31 1.9. 0:1? 


* p <0.001; ! p <0.01. 

Results are expressed as mean + standard error of the mean of n 
experiments. Tests of significance calculated with respect to the dif- 
ference in test results from the control animals treated with saline so- 
lution (see text). 


its mitochondria against some of the deterioration in 
function caused by prolonged ischemia and subsequent 
reperfusion. Mitochondrial respiration and ATP-gen- 
erating capacity was better maintained, overloading 
with Ca* * was reduced, the endogenous stores of ATP 
and CP were better preserved and during reperfusion 
there was a greater percent recovery of systolic tension 
generation, with a smaller rise in resting tension. This 
evidence of protection agrees with that obtained in other 
studies?-1924-28 in which the drugs have been given on 
a short-term basis. However, our method is distinctly 
different in that we gave the drugs for several days be- 
fore excising the hearts and making them ischemic. 
There was no further addition of the drugs to the iso- 
lated hearts. Because we obtained clear evidence of 
protection under these conditions we can conclude that 
the protective effect of drugs like verapamil and ni- 
fedipine does not reside only in their ability to reduce 
*afterload."!? Possibly after 3 to 4 days of pretreatment 
the heart contains sufficient amounts of these drugs (or 
their metabolites) to allow it to survive 90 minutes of 
ischemia and reperfusion. Alternatively, but less likely, 
3 to 4 days of treatment with these drugs may modify 
the myocardium in some way, making it more resistant 
to the effects of ischemia and reperfusion. However, if 
this is the case an improved endogenous supply of ATP 
and CP or an altered rate of mitochondrial respiration 
before the ischemia is apparently not involved. 
Comparison of the various calcium antagonist 
drugs: In this study two distinctly different types of 
drugs were used—nifedipine and verapamil, which are 
"Ca** antagonists"— and propranolol, a beta adren- 
ergic receptor antagonist. The results obtained for 
verapamil and nifedipine closely resemble those de- 
scribed by Henry et a1.!? for nifedipine. These investi- 
gators added nifedipine directly to the coronary per- 
fusion line of isolated rabbit hearts made partially 
ischemic under conditions of low flow; they observed a 
protective effect for nifedipine, including the absence 
of Ca** overloading. This evidence of protection, and 
that described in this study, contrasts with the results 
recently described for diltiazem.?? Diltiazem is usually 
classified as a *Ca** antagonist, "9? and Weishaar et al.?9 
infused it into dogs 10 minutes after ligating several 
branches of the left anterior descending coronary artery. 


TABLE IV 


Percent Recovery of Developed Tension* During 
Reperfusion After 90 Minutes of Ischemia 


Treatment Hearts (n) Recovery (96) 
Control 11 24 
Verapamil 7 72t 
Nifedipine 14 74t 
Propranolol 10 56t 


* Percent recovery calculated relative to the peak systolic tension 

des ren immediately before the start of the ischemic episode; 
p «0.001. 

The hearts were reperfused with Krebs-Henseleit buffer solution at 
37°C and gassed with 95 percent Os + 5 percent CO» as described in 
the text. Tests of significance calculated with respect to the difference 
in test results from the control animals treated with saline solution (see 
text). 
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Although these investigators found a preservation of the 
tissue stores of ATP, it was not accompanied by a 
preservation of mitochondrial function. There are 
several possible explanations for the difference between 
our results and those described by Weishaar et al.?’ 
First, different animal species were used. Second, 
damage caused by the global ischemia induced in our 
study may differ from that due to the regional ischemia 
induced by Weishaar et al.?9 Third, the Ca** antagonist 
drugs are a heterogenous group of compounds with 
other properties apart from their ability to impede the 
slow channel transport of Ca**. The different drugs 
may therefore act differently, and different dose levels 
may be involved. Indeed it would be interesting to know 
the maximally effective dose for each of the compounds. 
Finally, and possibly of greatest importance, are the 
mode and time of administration of the drugs. In the 
study of Weishaar et al.?? the infusion of diltiazem was 
not started until 10 minutes after occluding the 
branches of the left anterior descending coronary artery, 
whereas in our study pretreatment with nifedipine and 
verapamil had been started 4 to 5 days previously. 


Mechanism of Protection 


There is still no certain explanation as to why ni- 
fedipine, verapamil or propranolol should protect iso- 
lated heart muscle against the deleterious effects of 
ischemia and reperfusion. 

Verapamil and nifedipine: In the case of these two 
agents we could envisage the sequence of events shown 
in Figure 6. These drugs inhibit slow channel transport?? 
and therefore are negatively inotropic. Under these 
conditions the rate at which the ATP reserves are de- 
pleted during ischemia should be slowed, leaving ATP 
available for maintaining intracellular homeostasis, 
particularly with respect to Ca** and Na*. Under these 
circumstances overloading of the mitochondria with 
Ca** should be avoided, thereby possibly ensuring their 
functional survival.?!-?? Sufficient ATP might also re- 
main available to ensure the continued functioning of 
the Na*, K* adenosine triphosphatase enzyme and an 
intracellular accumulation of Na* might therefore be 
avoided. If this happens then an enhanced rate of ex- 
change between Na* and Ca** might be avoided, par- 
ticularly during reperfusion. This may explain why 
these drugs restrict the entry of Ca** during reperfu- 
sion, for there is no evidence that the Ca** entry that 
occurs during reperfusion is restricted to the slow 
channels. 

Propranolol: Pretreatment with propranolol has no 
effect on the endogenous stores of ATP and CP or gly- 
cogen!®; the protective effect described in our study 


partial inhibition of slow Ca** current 


sparing of tissue ATP 








maintenance of cellular 
Ca?* homeostasis 


retention of [mitochondrial function 


preservation of structure 
and function 


FIGURE 6. Schematic representation of the possible pathways involved 
in the protective effect of drugs inhibiting slow channel Ca* * transport 
(Ca** antagonists). 


cannot be explained therefore in terms of an improved 
endogenous supply of energy. Beta adrenergic blockade 
may be involved because under the dose regimen used 
in our study this persisted for at least 2 hours after 
excision of the heart.!934 Endogenous catecholamines 
are released during the early stages of oxygen depriva- 
tion, and because the catecholamines increase cardiac 
work they will accelerate the rate of depletion of the 
energy-rich phosphate reserves. Alternatively the 
*membrane-stabilizing" properties of the drug might 
be involved. 

Implications: Our results show that pretreatment 
with propranolol, verapamil or nifedipine protects the 
myocardium against some of the mechanical and met- 
abolic consequences of ischemia and reperfusion. Al- 
though these drugs differ in their pharmacologic 
properties (propranolol being a beta adrenergic receptor 
antagonist and nifedipine and verapamil inhibitors of 
slow channel Ca** transport [Ca** antagonists]), their 
ability to protect the ischemic and reperfused heart may 
involve a common mechanism—an ability to slow the 
rate of depletion of the ATP reserves. Under these 
conditions it is possible to envisage a sequence of events 
whereby intracellular homeostasis will be better 
maintained particularly with respect to Na* and Ca**. 
Under these conditions we can anticipate that mito- 
chondrial function might be preserved. The difference 
between the protection of mitochondrial function de- 
scribed in this study for certain *Ca** antagonists” and 
the absence of a protective effect in other studies may 
indicate that the time of drug administration is of crit- 
ical importance. 
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Alpha and beta adrenergic receptor blocking agents have each been 
separately shown to reduce the extent of ischemic necrosis. This study 
was designed to assess whether the simultaneous blockade of both alpha 
and beta adrenergic receptors achieved by labetalol is also effective in 
reducing infarct size. Moreover, the effects of labetalol were compared 
with those of propranolol. Accordingly, 127 rats were randomly assigned 
to four groups: Three groups underwent coronary arterial occlusion (the 
first group [n = 40] did not receive any drug treatment; the second [n = 
29] received labetalol, 25 mg/kg subcutaneously, 5 minutes and 24 hours 
after coronary occlusion; the third [n — 25| received propranolol 5 mg/kg 
subcutaneously at the same times). The fourth group of 33 rats was 
subjected to sham operation. After randomization, no difference in mor- 
tality was found among the four groups. All rats were killed 48 hours after 
coronary occlusion and the total creatine kinase activity of the left ven- 
tricle was measured. From this value, infarct size was calculated and 
found to average 66.5 + 2.6 percent (mean + standard error of the mean 
[SEM|) of the left ventricle in control rats and 44.6 + 4.1 percent in la- 
betalol-treated rats (p <0.01). In contrast, in propranolol-treated rats 
infarct size was 56.6 + 3.3 percent of the left ventricle, a value smaller 
than that in control rats (p <0.05), but higher than that in labetalol-treated 
rats (p «0.05). 

Another 16 rats underwent coronary arterial occlusion: 10 of these were 
treated with labetalol, whereas the remaining 6 served as a control group. 
These rats were killed 48 hours after occlusion; infarct size was measured 
by planimetry on histologic sections of serial slices of the left ventricle 
and was found to be 40.6 + 2.7 percent of the left ventricle in control rats 
and 27.8 + 3.7 percent in labetalol-treated rats (p «0.005 ). Finally, in 
yet another 36 rats, divided into control and labetalol-treated groups of 
15 and 21 rats, respectively, coronary occlusion was performed. These 
rats were killed 21 days after occlusion and infarct size was measured 
on histologic sections. Planimetry showed size of the infarct to be 30.5 
+ 2.4 percent of the left ventricle in control animals and 15.2 + 1.2 percent 
(p <0.01) in labetalol-treated rats, showing that the extent of scarring 
after coronary arterial occlusion can be reduced by labetalol. Thus, 
myocardium acutely jeopardized by ischemia can be preserved perma- 
nently by combined alpha and beta receptor blockade. 


Cardiac failure, which is the major life-threatening complication of acute 
myocardial infarction in hospitalized patients, is most likely the conse- 
quence of a large amount of tissue necrosis." ? Therefore, the reduction 
of ischemic necrosis represents the major therapeutic aim in the early 
phases of acute myocardial infarction. Because myocardial cell necrosis 
results from an imbalance between oxygen supply and demand,’ the fate 
of the ischemic tissue can be favorably influenced by the reduction of 
oxygen requirements of the tissue. This can be achieved either by re- 
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ducing cardiac work through reduction of preload and 
afterload or by using drugs that reduce cardiac con- 
tractility. 

Among the methods that reduce preload and after- 
load, the use of nitroglycerin is the most frequent and 
its beneficial effects on the extent of myocardial necrosis 
have been demonstrated.^? Moreover, ganglionic 
blocking drugs, such as trimetaphan, which only reduce 
afterload, have also been shown to reduce infarct size 
in human beings.? 

Among the drugs that decrease oxygen consumption 
by reducing myocardial contractility beta adrenergic 
receptor blocking agents have been demonstrated to be 
effective in reducing both infarct size in experimental 
animals?10-1? and electrocardiographic signs of ischemic 
injury in human beings.'*:!© Therefore, because both 
negative inotropic agents (that is, beta adrenergic 
blocking agents) and interventions that decrease pre- 
load or afterload, or both, reduce myocardial damage, 
it is conceivable that an agent that possesses both these 
actions may be very effective in limiting infarct size. 

Labetalol (5-1-hydroxy-methyl-3-phenylpropyl- 
aminoethyl-salicylamide) has the unique characteristic 
of blocking both beta; and betas receptors and has alpha 
adrenergic receptor blocking properties as well.16-1? In 
animal and human studies, this drug, like propranolol, 
was shown to reduce cardiac contractility; however, 
labetalol differed from propranolol in decreasing rather 
than increasing peripheral resistance.?? This difference, 
attributable to peripheral vasodilation resulting from 
the vascular alpha adrenergic receptor blocking action 
of labetalol, suggested its use in hypertensive pa- 
tients.!??! Moreover, one experimental study?? showed 
that intravenous labetalol increases coronary blood flow, 
in contrast to results with other beta blocking agents, 
which had the opposite effects on coronary flow. 

Therefore, this study was designed to evaluate the 
effects of labetalol on the extent of myocardial necrosis 
and to compare these effects with those induced by beta 
adrenergic receptor blockade alone in experimental 
myocardial infarction induced by coronary arterial oc- 


TABLE | 


clusion in the rat.??-?^ This technique enjoys the obvious 
advantage of allowing the quantity of necrotic left 
ventricular myocardium to be measured directly, both 
at the time of peak necrosis and when healing is com- 
plete. Consequently, the effects of protective inter- 
vention can be evaluated in the short as well as in the 
long term. 


Methods 


Experimental procedure: Albino Wistar male rats 
weighing 150 to 250 g were lightly anesthetized with ether, the 
chest was opened and, while the heart was briefly everted from 
the thoracic cavity, the left main coronary artery was occluded 
with a 6-0 prolene suture 2 to 3 mm from its origin. The heart 
was then repositioned in the chest and the muscle and skin 
layers were closed with a purse-string 1—0 suture. This pro- 
cedure produced a stardard size infarct, as previously de- 
scribed.?3-75 Two independent measurements of the extent 
of the myocardial infarction were performed, which allowed 
the direct evaluation of the tissue necrosis. The first method 
consisted of analyzing creatine kinase (CK) activity of the left 
ventricle 48 hours after coronary occlusion, that is, when the 
necrotic process was at its peak. The second method consisted 
of measuring the extent of necrosis observed histologically 48 
hours after coronary occlusion and 21 days later, that is, when 
the process of repair was completed. 

Enzymatic study: A total number of 127 rats were ran- 
domly assigned to four groups. The first group of 40 rats un- 
derwent coronary arterial occlusion as described earlier and 
served as a control group. They did not receive any treatment. 
'The second group of 29 rats also underwent coronary arterial 
occlusion, but were treated with labetalol (25 mg/kg subcu- 
taneously) 5 minutes after and then 24 hours after occlusion. 
A third group of 25 rats underwent coronary arterial occlusion 
and were given propranolol (5 mg/kg subcutaneously) 5 
minutes and then 24 hours after occlusion, as in the labe- 
talcl-treated rats. This dose of propranolol was chosen because 
previous studies have shown that the beta blocking activity 
of labetalol is five times less than that of propranolol.?%?! 
Finally, the fourth group of 33 rats were subjected to sham 
operation; that is, they underwent the same procedure, except 
that the suture passed around the coronary artery was not 
tied. Rats operated on were randomly assigned to the different 
groups when they were recovering from anesthesia (that is, 
within 5 minutes of the end of the procedure). The mortality 


Mortelity in the Different Groups of Surgically Treated Rats That Recovered From Anesthesia 








Died (n) Mortality Rate* (96) 
Operated Within 30 min Alive Within 30 min 
Rat Group on (n) Total Postoperatively (n) Total Postoperatively 
Enzymatic Study 
Control 40 7 5 33 17.5 12.5 
Labetalol-treated 29 5 3 24 17.2 10.3 
Propranolol-treated 25 4 3 21 16.0 12.0 
Sham-operated 33 3 0 30 9.0 0 
Histologic Study 
At 48 hours 
ntrol 6 1 5 16.7 
Labetalol-treated 10 2 8 20.0 
At 21 days 
Control 15 3 12 20.0 
Labetalol-treated 21 4 17 19.0 


* Statistical analysis by chi-square test did not show any difference in mortality among groups in the enzymatic or the histologic studies. 
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rate in the different groups was comparable (Table I), but in 
rats undergoing sham operation, all deaths occurred within 
30 minutes of the operation and therefore have to be consid- 
ered a consequence of the surgical procedure. 

All of the rats were killed 48 hours after coronary occlusion 
and their hearts were excised for enzymatic study. Just before 
the rats’ death, with the chest opened and the heart exposed, 
carbon black (300 À particles) was injected intravenously and 
the presence of the coronary occlusion was ascertained by the 
lack of discoloration of the anterior aspect of the left ventricle. 
Hearts in which coronary occlusion was unsuccessful turned 
black after the injection and these cases were excluded from 
the study. 

Creatine kinase activity of the homogenized whole left 
ventricle (free wall and septum) was measured by spectro- 
photometric assay, as described by Kjekshus and Sobel.?® To 
permit calculation of the amount of the necrotic tissue, the 
minimal creatine kinase activity in the center of the infarcted 
myocardium was measured in 10 additional rats and was 
found to be 1.3 + 0.6 [U/mg protein. Once this residual cre- 
atine kinase activity was taken into account, the percent of 
infarcted left ventricular mass was calculated (using the rats 
undergoing sham operation on each day for reference) by the 
formula previously used by Maclean and co-workers.?* 

Histologic study: 48 hour study: Sixteen rats with coronary 
occlusion were randomly assigned to a control (n = 6) and a 
labetalol-treated (n = 10) group. Labetalol (25 mg/kg subcu- 
taneously) was administered 5 minutes and again 24 hours 
after occlusion. All animals were killed 48 hours after occlusion 
and their hearts excised and fixed in 10 percent phosphate- 
buffered formalin. The ventricles then were sectioned into 
four slices about 2 mm thick in a plane parallel to the atrio- 
ventricular groove. All four slices from each heart were em- 
bedded in paraffin and five sections were cut and stained with 
hematoxylin-eosin. The histologic sections then were pro- 
jected on a sheet of white paper and the contour of the whole 
left ventricle and that of its infarcted area were drawn. By 
planimetry, the infarcted area was measured and expressed 
as a percent of the whole left ventricular area; the fraction of 
left ventricle that was infarcted was considered to be the mean 
of this value in each of the four slices into which each single 
heart was cut. The rationale for using two dimensional myo- 
cardial sections to perform quantitative analysis of three di- 
mensional structures has previously been described.?? 

21 day study: The other 29 surviving rats of the 36 that 
underwent coronary occlusion were killed 21 days after the 
procedure. Fifteen of them (12 survivors), randomly chosen, 
were control animals, whereas the remaining 21 (17 survivors) 
were treated with labetalol at the same dose and at the same 
times as in the rats studied at 48 hours. Histologic sections 
were cut and stained from each heart and the infarcted areas 
measured, as described earlier. Moreover, the length of the 
arc underlying the infarcted area was also measured and ex- 
pressed as a percent of the endocardial circumference of the 
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FIGURE 1. Infarct size expressed as percent of left ventricle (LV) cal- 
culated by creatine kinase method 48 hours after occlusion in 33 control 
(O), 21 propranolol-treated (P) and 24 labetalol-treated (L) rats. Note 
that labetalol is more effective than propranolol in salvaging ischemic 
myocardium. * = difference from control group, p «0.05; ** = dif- 
ference from control group, p «0.01; + = difference from propran- 
olol-treated group, p «0.05. Values are mean + standard error of the 
mean. 


left ventricle. This value represents the fraction of the surface 
area of the ventricle that was infarcted and using this method 
prevented underestimation of the extent of necrosis caused 
by wall thinning in the infarcted area. Furthermore, in these 
rats we also measured the thickness of the interventricular 
septum and the ratio of the thickness of the infarcted area to 
that of the septum, considering this latter amount to be the 
normal left ventricular wall thickness. As previously, mean 
values for each heart were obtained by averaging the data of 
all sections. 

Statistical analysis: Throughout this study, data are ex- 
pressed as mean + standard error of the mean (SEM). Stu- 
dent's t test for grouped observations was used to compare 
creatine kinase content and infarct size between each of the 
treated and control groups. The chi-square test was used to 
compare the mortality rate in the different groups.?* 


Results 


Enzymatic study (Fig. 1, Table II): In rats 
subjected to sham operation, creatine kinase activity of 
the homogenized left ventricle was 10.4 + 0.5 IU/mg 
protein, representing the creatine kinase activity of 
normal uninfarcted myocardial tissue. In rats that un- 
derwent coronary occlusion but were not treated with 
drugs (control rats), creatine kinase activity decreased 
to 4.3 + 0.2 [U/mg protein 48 hours after occlusion, 
showing that coronary arterial occlusion produced sig- 
nificant tissue necrosis. After allowance for the residual 
creatine kinase activity in the infarcted tissue, the cal- 


Effects of Propranolol and Labetalol on Left Ventricular Creatine Kinase (CK) Content and Infarct Size in Rats Surviving 48 


Hours After Coronary Arterial Occlusion 





Animals Subjected to Propranolol- Labetalol- 
Sham Operation Control Group Treated Group Treated Group 
(n = 30) (n — 33) (n = 21) (n — 24) 
CK content (IU/mg protein) 10.4 t 2.5 4.3 + 0.2 5.2 X: 0.3* 6.3 + 0.4tt 
Infarct size (% of left ventricle) -— 66.5 + 2.6 56.6 + 3.3* 44.6 + 4.11? 


Note: All values are mean + standard error of the mean. 


* Difference from control group, p <0.05; ! Difference from control group, p <0.01; * Difference from propranolol-treated group, p <0.05. 
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Effects of Labetalol on Infarct Size Assessed by Histologic 
Studies in Rats Surviving 48 Hours and 21 Days After 
Coronary Arterial Occlusion 


Infarct Size 
(% of left ventricle) 
by Free Wall/ 
Circum- Septum 
Rat Group by Area ference Ratio 
48 Hours after 
occlusion 
Control (n = 5) 40.6 + 2.7 — — 
Labetalol-treated 27.8 € 3.7* — — 
(n = 8) 
21 Days after 
occlusion 
Control (n = 12) 3052424 32.4r 1.9 0.44 + 0.02 
Labetalol-treated — 15.2 + 1.2! 19.3 X 1.5! 0.60 + 0.03! 


(n = 17) 


Note: All values are mean + standard error of the mean. 
* Difference from control group, p «0.05; t Difference from control 
group, p «0.01. 


culated infarct size in control rats was 66.5 + 2.6 percent 
of the left ventricle. In contrast, mean creatine kinase 
activity in 24 labetalcl-treated rats was 6.3 + 0.4 [U/mg 
protein and the calculated infarct size was 44.6 + 4.1 
percent of the left ventricle, a value significantly smaller 
than that in control rats (p <0.01). These data show that 
in this experimental model simultaneous alpha and beta 
adrenergic receptor blockade is able to reduce the 
amount of tissue necrosis that follows coronary arterial 
occlusion. Finally, in rats receiving propranolol, total 
creatine kinase activity of the left ventricle was 5.2 + 0.3 
IU/mg protein and infarct size was 56.6 + 3.3 percent 
of the left ventricle, a value significantly smaller than 
that in control rats (p <0.05) although higher than that 
in labetalol-treated rats (p <0.05). These data suggest 
that labetalol and propranolol are each effeetive in 
protecting myocardium from ischemic necrosis, but that 
the simultaneous blockade of alpha and beta receptors 
achieved with labetalol appears more effective than use 
of beta receptor blockade alone. 





FIGURE 2. Histologic sections of transverse slices of hearts of rats killed 21 days after occlusion of the left main coronary artery. Left, the heart 
from a control rat at (top) low magnification (X7.5, reduced by 70 percent) and at (bottom) higher magnification (X42, reduced by 70 percent). Right, 
the heart from a labetalol-treated rat at (top) low (X7.5, reduced by 70 percent) and (bottom) high magnification (X42, reduced by 70 percent). 
The arrows point to the sites magnified below. Note that although in the control rat the scar involves most of the left ventricular free well, in the 


labetalol-treated rat the left ventricular free wall is infarcted only partially. 
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Histologic study (Table III): 48 hour study: In 
control rats, infarct size assessed with planimetry on 
histologic section at the time of peak necrosis was 40.6 
+ 2.7 percent of the left ventricle. This value was re- 
duced by 31 percent in rats receiving labetalol after 
coronary occlusion and was 27.8 + 3.7 percent of the left 
ventricle, a value significantly smaller than that in 
control rats (p «0.05). 

21 day study: Infarct size assessed with planimetry 
on histologic sections 21 days after coronary occlusion 
was 30.5 + 2.4 percent of the left ventricle in control 
rats. In contrast, in rats treated with labetalol in the 
early phases after coronary occlusion, the infarcted area 
21 days later was only 15.2 + 1.2 percent of the left 
ventricle, a value that is significantly smaller than that 
in control rats (p <0.01) and that represents a reduction 
of 50.8 percent of the expected necrotic area (Fig. 2 and 
3). When infarct size was calculated with the circum- 
ference method, results were very similar to those ob- 
tained with planimetry. When determined with the 
circumference method, infarct size was 32.4 + 1.9 per- 
cent of the left ventricle in control rats and 19.3 + 1.5 
percent of the left ventricle in labetalol-treated rats (p 
<0.001). The ratio of the thickness of the free wall to 
that of the interventricular septum in four sham-oper- 
ated rats was 0.97 + 0.06 3 weeks after the procedure. 
In contrast, in control rats, 21 days after occlusion, the 
ratio was 0.44 + 0.02, whereas in labetalol-treated rats 
it was 0.60 + 0.03 (p «0.001), thus showing a significant 
minor thinning of the infarcted left ventricular free wall 
in rats receiving labetalol. The occlusion of the left main 
coronary artery in the rats resulted in a transmural in- 
farct in all untreated rats; in contrast, in the labetalol- 
treated groups, 4 of 25 rats had a subendocardial infarct 
and this value was significantly greater than that in 
control rats (chi-square = 6.17, p <0.05). 


Discussion 


In recent years, beta adrenergic receptor blocking 
agents have been used to reduce myocardial oxygen 
consumption thereby decreasing ischemic injury. Fa- 
vorable results have been obtained using these drugs in 
experimental coronary arterial occlusion?:10-1? and the 
results of preliminary studies in which these agents were 
used in patients in the early phase of acute myocardial 
infarction are also encouraging.!^!? In particular, it has 
been shown that propranolol is able to reduce the extent 
of ischemic injury not only when administered as pre- 
treatment, but also when given as late as 3 hours after 
coronary occlusion.*:!© Experimentally, the beneficial 
effects of propranolol were shown both by indirect 
methods (as a reduction of electrocardiographic evi- 
dence of myocardial injury? and decrease of creatine 
kinase depletion of injured myocardial cells?) as well as 
by direct histologic methods.!!:!? In patients with acute 
myocardial infarction, it was shown that beta adrenergic 
blockade was capable of improving oxygenation of 
ischemic myocardium.?5 Moreover, Gold et al.! dem- 
onstrated that intravenous propranolol reduced the 
electrocardiographic signs of ischemic injury.!4 
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A reduction of oxygen consumption in acutely isch- 
emic hearts has also been sought through a reduction 
of afterload by the use of vasodilating drugs. Ganglionic 
or alpha receptor blocking agents were used for this 
purpose and were proved to be effective in reducing 
ischemic injury and in improving cardiac performance.? 
Consequently, it seemed reasonable that a drug like 
labetalol, an effective beta blocking agent as well as an 
alpha blocking drug capable of reducing afterload would 
also be effective in protecting the jeopardized ischemic 
myocardium after coronary arterial occlusion. 

Effect of labetalol on experimental myocardial 
infarction: In order to have direct evidence of the effect 
of this drug on ischemic myocardial cells, the rat model’ 
was used because it allowed us to quantify directly the 
extent of experimental myocardial infarction by two 
independent methods—determination of total left 
ventricular creatine kinase activity and quantitative 
histologic study. These methods showed labetalol to be 
extremely effective in reducing expected infarct size. 
Furthermore, the protective action of labetalol was also 
quantitated. Its beneficial effects were demonstrated 
both 48 hours after coronary arterial occlusion, when the 
necrotic process is at its maximum, and at the comple- 
tion of scar formation. In fact, 21 days after occlusion, 
when the healing process was completed, the amount 
of scar tissue in the labetalol-treated rats was signifi- 
cantly less than that in the untreated animals. This ef- 
fect is not the result of higher mortality rates of rats with 
larger infarcts due to the influence of the intervention, 
because no difference in mortality was observed among 
the different groups. The beneficial action of labetalol 
seems to be related to the simultaneous blockade of 
alpha and beta adrenergic receptors because the block 
of beta receptors alone induced by a comparable dose 
of propranolol proved to be less effective in protecting 
the jeopardized myocardium. This result can be ex- 
plained by the further reduction of myocardial oxygen 
consumption due to the decrease in peripheral resis- 


AT 21 DAYS 


BY AREA BY CIRCUMFERENCE 





FIGURE 3. Infarct size (I.S.) expressed as percent of left ventricle (LV) 
assessed on histologic sections either by area or by the circumference 
method 21 days after occlusion in control (O) and in labetalol-treated 
(L) rats. * = difference from control group, p «0.01. Values are mean 
+ standard error of the mean. 
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tance induced by alpha adrenergic receptor blockade. 
Finally, labetalol does not appear to interfere with 
normal scar formation, because the scars were thicker 
in the treated rats, which is probably the result of a 
smaller infarct. 

Clinical implications: This study shows that labe- 
talol permanently reduces infarct size in rats with cor- 
onary arterial occlusion and that its beneficial effects 
are greater than those of propranolol. Although the si- 
multaneous blockade of alpha and beta adrenergic re- 


ceptors may represent a possible approach in the future 
treatment of acute myocardial infarction, extreme 
caution is necessary before this information can be ap- 
plied clinically. Further experimental studies are re- 
quired, particularly those that seek to define clearly the 
hemodynamic effects of this drug on the acutely isch- 
emic myocardium. 
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Embolization of entrapped intracardiac air represents a significant risk 
to the patient undergoing open heart surgery. To date, there have been 
no means available to ensure that the heart is free of air prior to restoration 
of the circulation. To assess whether M mode echocardiography can 
accurately detect intracardiac air, we studied 10 dogs during cardiopul- 
monary bypass. Randomly, air was or was not injected into the left ven- 
tricular cavity of the fibrillating heart. Intracardiac air could be recognized 
by the presence of a stippled granular pattern, or a loss of the discrete 
linear echoes or decreased far field echoes, or any combination of these 
three. In all, 131 random observations were made. When 1.0 cc of air was 
injected, sensitivity and specificity were both 100 percent, but when 0.2 
cc was injected, sensitivity and specificity decreased to 86 and 58 percent, 
respectively. Thus, M mode echocardiography appears to provide a 
sensitive and specific tool for detecting intracardiac air. 


When circulation is restored after cardiopulmonary bypass, embolization 
of entrapped intracardiac air represents a significant risk to the patient 
undergoing open heart surgery.!-!? Despite maneuvers developed to 
expel air from the heart before discontinuation of cardiopulmonary 
bypass, the possibility exists of air remaining in the cardiac cham- 
bers.16-1? The subsequent air embolus has been responsible for transient 
or permanent neurologic events, myocardial infarction and death. To 
date, there have been no means of adequately detecting the presence of 
small amounts of intracardiac air before discontinuation of cardiopul- 
monary bypass. 

Echocardiography offers a potential means of detecting intracardiac 
air. Because air and tissues have marked differences in acoustic im- 
pedance, an ultrasonic beam will be almost completely reflected at a 
tissue-air interface. If an echocardiographic beam intercepts intracardiac 
air, the returning echocardiographic pattern should be significantly al- 
tered. This study was designed to evaluate the use of pulsed M mode 
echocardiography to detect intracardiac air and to assess the sensitivity 
and specificity of this technique in a canine model. 


Methods 


Experimental preparation: Ten adult mongrel dogs weighing 22 to 30 kg 
were anesthetized with sodium pentobarbital (25 mg/kg intravenously). 
Breathing was maintained by a Harvard respirator and a cuffed endotracheal 
tube. A mid sternal thoracotomy was performed, the pericardium incised and 
the heart exposed. Polyurethane catheters were inserted into the left atrial ap- 
pendage and the left carotid artery; left atrial and aortic pressures were measured 
with Statham P23 Db pressure transducers. Heparin (3 mg/kg intravenously) 
was administered and normothermic cardiopulmonary bypass was established 
by cannulation of the right atrial appendage and the ascending aorta. 

Echocardiography: Open chest echocardiography was performed using a 
Smith-Kline Ekoline 20A ultrasonoscope with a 2.25 megahertz, 1.27 cm 
transducer and beam collimation of 7.5 cm depth. The echocardiograms were 
recorded at a speed of 20 or 50 mm/s using a Honeywell 1856 recorder. The ul- 
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FIGURE 1. Schematic diagram of the exposed canine heart indicating 
location cf the left anterior descending artery. The shaded areas rep- 
resent the transducer positions (1,2,3,) described in the text. 


trasonic transducer was placed lightly on the anterior surface 
of the heart in three positions (Fig. 1). Position 1 was located 
over the pulmonary outflow tract, to the right of the left an- 
terior descending coronary artery, approximately 1 cm inferior 
to the aortic root; position 2 was located to the right of the left 
anterior descending artery, approximately 3 cm below the 
aortic root; and position 3 was located at the apex of the left 
ventricle. 

At position 1, the echo pattern of the anterior mitral valve 
leaflet was similar to that obtained with standard chest wall 
echoeardiography. This pattern was used as a reference and 
the depth compensation control was adjusted for optimal 
clarity of the mitral valve echo pattern with adequate visu- 
alization of the posterior left ventricular wall. The coarse gain 
control was set to provide echoes of reasonable intensity, care 
being taken not to use an indiscriminately high setting. Depth 
control was adjusted to display the full amount of tissue depth 
on the oscilloscopic screen. Once the appropriate controls were 
set for optimal visualization of cardiac structures in each an- 
imal, they were fixed for the duration of the study. The aortic 
root echogram was recorded by angling the transducer me- 
dially and cephalad in position 1. Position 2 allowed visual- 
ization of the short axis of the left ventricular cavity and po- 
sition 3 allowed visualization of its long axis from an apical 
orientation. 

Echoeardiography after air injection: The left ventricle 
was fibrillated electrically and the M mode echocardiograms 
were then repeated in positions 1, 2 and 3. Through a 22 gauge 


TABLE ! 
Contingency Table 
Air No Air 
Injected Injected 
Air detected a [e 
Air not detected b d 
a 
itivity = — X 1 
Sensitivity : F b 00 
: E AR. 
Specificity CE 100 


needle, 0.5 cc of air was injected into the apex of the left ven- 
tricular cavity of the fibrillating heart. The transducer was 
systematically moved over the anter:or ventricular surface of 
the heart and echocardiograms were obtained in positions 1 
and 2. The apex of the heart was then raised vertically, to allow 
the trapped air to localize in the left ventricular apex. The 
transducer was then placed in position 3 and an echocardio- 
gram was taken. 

An apical sump was inserted and air was evacuated by 
chamber compression, cardiac positioning and needle aspi- 
ration. Echocardiograms were again recorded in all three po- 
sitions. Then, in random fashion, air (in amounts ranging from 
0.3 to 1.0 cc) was or was not injected into the left ventricular 
cavity. With each injection of air, the left ventricular sump 
remained clamped in order to retain the injected air in the left 
ventricle. Two “blinded” observers then attempted to evaluate 
the presence or absence of intracardiac air with echocardi- 
ography. After each injection of air, the air randomly was or 
was not evacuated, and again the observers attempted to de- 
tect the presence or absence of intracavitary air. These studies 
were repeated in all 10 dogs for a total of 131 observations. 

In addition, to assess the difficulzy of detecting left ven- 
tricular air in the presence of right ventricular air, 1.0 cc of air 
was injected into the right ventricle of one dog. After this, 0.5 
cc to 1.0 ce of air randomly was or was not injected into the left 
ventricular cavity. The observers evaluated the presence or 
absence of left ventricular air, as previously described. 

The ability to detect left atrial air with echocardiography 
was also evaluated in one dog. After electrical fibrillation of 
the left atrium, 1.0 cc of air was or was not injected into the left 
atrial appendage through a 25 gauge needle. Again, observers 
evaluated the presence or absence of air, as previously de- 
scribed. 

To assess interobserver variability, 20 experimental 
echocardiographic recordings were interpreted independently 
by two observers who had no knowledge of the presence or 
absence of left ventricular air. 

Analysis of data: Results were summarized and tabulated 
according to a contingency table and sensitivity and specificity 
were defined as in Table I. The binary data of the contingency 
tables at various volumes of air were subjected to probit 
analysis, as described by Cox.?? The probability of observer 
correctness in predicting the presence or absence of air was 
assumed to vary linearly with the volume of injected air. The 
volumes of air that could be detected or excluded with a con- 
fidence of 95 or 99 percent were then calculated. 


Results 


Echocardiographic patterns prior to air injec- 
tion: M mode echocardiographic patterns obtained by 
sweeping from the mitral to the aortic valves were 
similar to those achieved with chest wall echocardiog- 
raphy and were reproducibly obtained by placing the 
transducer directly on the surface of the heart in posi- 
tion 1. The echocardiographic pattern of the fibrillating 
ventricle consisted of a series of parallel well defined 
linear echoes outlining the left ventricular cavity (Fig. 
2). 

Identification of air in the left ventricular cavity: 
The presence of air in the cavity of the fibrillating left 
ventricle could be readily identified by comparison with 
the echo pattern observed in the fibrillating ventricle 
before injection of air. The presence of air in the left 
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FIGURE 2. Echocardiograms taken in position 2 
during sinus rhythm (left panel) and ventricular 
fibrillation (right panel). This and subsequent fig- 
ures were obtained all from the same dog in the 
course of one experiment, during which echo- 
cardiographic settings remained unchanged. 
Discrete linear echoes outline the left ventricular 
cavity (LV) in a similar fashion in both panels. 1 CM 
Depth and time calibration are as indicated. The 
horizontal white bar at lower left represents the 


period of systole. 1s 


ventricular cavity was recognized by one or more of the 
following criteria: a stippled granular pattern, loss of the 
discrete linear echoes or decreased far field echoes, (Fig. 
3 and 4). 

In total, 131 observations were made by two blinded 
observers. The results of these observations are sum- 
marized in the contingency table (Table II). By probit 
statistical analysis, 0.67 cc of left ventricular air could 
be detected or excluded with a 95 percent accuracy. One 
cc of air could be detected or excluded with an accuracy 
of 99 percent. With less than 0.5 cc of air injected into 
the left ventricle, there was a slight reduction in sensi- 
tivity, whereas the specificity of the test was markedly 
impaired. The two blinded experimenters, making ob- 


FIGURE 3. Echocardiograms of a fibrillat- 
ing heart in position 2 showing discrete 
linear echoes outlining the left ventricular 
cavity (LV) in the absence of air (left panel). 
In the presence of intracardiac air (right 
panel), there is a loss of the discrete linear 
echoes and a stippled granular pattern fills 
the left ventricle. 


1 CM 
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servations directly from the ultrasonoscope, were in 
complete agreement as to the presence or absence of air. 
The interobserver variability, based on the interpreta- 
tions of the 20 recordings and as measured by the crude 
index of agreement, was 0.80. 

The position of the entrapped intracavitary air was 
predicted by the transducer position at which an air 
pattern was observed. This information may act as a 
guide when performing needle aspiration to remove 
intracavitary air. 

The presence of air in the right ventricle interfered 
with the assessment of the presence or absence of air in 
the left ventricle. The presence of air in either ventricle 
was manifested as similar, reflected echocardiographic 
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TABLE Il 
The Accuracy of Left Ventricular Air Assessment 


Volume of Air Injected or Not Injected 


1.0 0€ 0.5 cc 
No 
Air Air Air 
Air detected 16 0 22 
Air not detected 0 11 1 
Sensitivity (96) 100 


Specificity (96) 100 


patterns. In the situation in which air could be present 
in either ventricle, we could identify air in the heart but 
could not always specify which ventricle was involved. 
This distinction could be made at times by careful an- 
gulation of the transducer in position 3 to avoid the right 
ventricular cavity. 

When air was injected into the left atrium in the 
fibrillating heart, it rose directly into the left ventricle 
and was detected as left ventricular air. It was not 
identified in the left atrium. Air injection directly into 
the left atrial appendage remained in the appendage 
and could be detected there by placing a transducer 
directly over the left atrial appendage. 


Discussion 


Frequency and consequences of entrapped in- 
tracardiac air during cardiac surgery: Significant 
morbidity and mortality associated with cardiac surgery 
results from entrapped intracardiac air released at the 
time of restoration of circulation after cardiopulmonary 
bypass.!-? Neurologic abnormalities occur frequently 


LV 


NO AIR AIR 


1CM 
O5s 





0.3 cc 0.2 cc 
No No No 
Air Air Air Air Air 
5 16 3 12 5 
10 1 10 2 7 
94 86 
77 58 


after open heart surgery in patients.?-!? In a prospective 
study of 100 patients undergoing open heart surgery, 
abnormal neurologic signs were found immediately after 
recovery from anesthesia in 44 percent of 85 patients 
who survived the operation.? A retrospective study of 
417 patients undergoing open heart surgery reported 
that 19 percent had significant neurologic impairment 
within the first 3 postoperative days.? 

In order to reduce the risk of air embolization, a 
number of maneuvers have been empirically instituted 
in an attempt to remove entrapped intracardiac air. 
These include ventricular venting, multiple chamber 
aspiration and chamber compression with variable 
cardiac positioning.9:/7.16-18 Objective evaluations of the 
effectiveness of these maneuvers have included end 
points such as Doppler recognition of released mi- 
croemboli!9.21-25 and evaluation of postoperative neu- 
rologic status. Lawrence et al.!? found that in 11 of 17 
patients undergoing aortic valve replacement mi- 
croemboli were released after cardiopulmonary bypass, 
as documented by Doppler frequency shift. Four of 


FIGURE 4. Echocardiograms of a fibrillat- 
ing heart (position 3) show the loss of dis- 
crete linear echoes and decreased inten- 
sity of far field echoes indicative of intra- 
cardiac air (right panel) as compared with 
the pattern seen in the absence of air (left 
panel). 
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these 11 patients had neurologic sequelae. Among 16 
patients undergoing mitral valve replacement, evidence 
of release of microemboli was manifested by Doppler 
frequency shift in 7. Of 24 patients undergoing coronary 
arterial bypass surgery, 2 had minor central nervous 
system abnormalities postoperatively. In both of these 
patients release of microemboli was detected by Doppler 
shift at the time of operation. These studies emphasized 
the frequency of air embolization despite prior ma- 
neuvers performed to remove entrapped intracardiac 
air. 

Role of echocardiography in detecting intra- 
cardiac air: The acoustic properties of ultrasound 
suggested that echocardiography may offer a means of 
detecting intracardiac air in that ultrasound propagates 
poorly through any gaseous medium. Because air and 
tissue have marked differences in acoustic impedance, 
an ultrasonic beam would be almost completely re- 
flected at an air-tissue or air-fluid interface. These 
properties explain the air patterns observed when an 
echocardiographic beam was directed through intra- 
cardiac air. A stippled granular pattern with decreased 
far field echoes suggested that echoes were reflected and 
scattered at the air-tissue interface and that few orga- 
nized echoes could return from deeper structures. 
Recognizing this pattern, we were consistently able to 
detect 1 cc of intracardiac air echocardiographically. 
The sensitivity of this test decreased slightly as the 
volume of air was decreased, but specificity was mark- 
edly reduced. Because a false positive prediction of air 
would result only in further maneuvers to remove air, 
the clinical usefulness of this technique may not be 
impaired by the reduced specificity at low volumes. A 
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similar level of sensitivity was noted with pulsed echo- 
graphic and A mode recording by Borik et al.?9 Fur- 
thermore, echocardiography has the additional ad- 
vantage of detecting the air while it is still in the heart, 
whereas methods that rely on a Doppler effect require 
that the air be moving (that is, released into the circu- 
lation) in order to be detected. 

What volume of intracardiac air is clinically im- 
portant? Several studies have been performed to de- 
termine what volumes of air might be clinically impor- 
tant.927-30 When volumes of 0.5 to 1.0 cc of air/kg body 
weight were injected into the left ventricular cavity of 
the beating canine heart, 40 percent of the animals died 
immediately of myocardial infarction, and an additional 
40 percent died in the following 24 hours.® The conse- 
quences of air injection depend not only on the volume 
injected but also on the site of injection. Thus, 1.0 to 1.25 
cc of air/kg body weight injected into the internal ca- 
rotid artery of dogs resulted in a 50 percent mortality 
rate, whereas a volume of 0.5 cc of air/kg, although only 
occasionally causing death, was often associated with 
morphologic brain damage.?" Volumes of air as small as 
0.5 cc, when injected directly into the left coronary ar- 
tery, were associated with myocardial injury.?8 

The consequence of embolization of 1 cc of air in man 
is not known. However, the ability of echocardiography 
to detect consistently 1 cc of entrapped intracardiac air 
may be sufficient to make it a useful clinical tool, al- 
though this is yet to be established. 
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Procan™ SR 


(PROCRINAMIDE HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symotoms of lupus erythematosus-like 


syndrome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 


DESCRIPTION 

Procainamide hydrochloride is the amide analogue 
of procaine hydrochloride. Each tablet of Procan SR 
contains procainamide hydrochloride in a tablet 
matrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SR is 
avcilable for oral administration as green, film- 
coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 

. containing 500 mg procainamide hydrochloride. 


ACTION 

Procainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 
ventricle. The refractory period of the atrium is 
considerably more prolonged than that of the 
ventricle. Contractility of the heart is usually not 
affected nor is cardiac output decreased to any 
extent unless myocardial damage exists. In the 

` absence of any arrhythmia, the heart rote may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
- block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium are reflected in the electro- 
cardiogram; a widening of the QRS complex occurs 
most consistently; less regularly, the P-R and Q-T 
intervals are prolonged, and the OAS and T waves 
show some decrease in voltage. 


The sustained-release characteristic of Procan SR 
tablets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 
equivalent steady-state plasma levels of Procan SA 
tablets given every six hours when compared 

with an equal total daily dose of Pronestyl® 
(procainamide hydrochloride capsules, €.R. Squibb 
and Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline slowly — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown. 


INDICATIONS 

Oral procainamide is indicated in the treatment of 
premoture ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
. tachycardia. 


CONTRRINDICRTIONS 

It has been suggested thot procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication; in this connection, cross-sensitivity 
to procaine and related drugs must be borne in 
mind. Procainamide should not be administered to 
patieats with complete atrioventricular heart block. 
Procainamide is also contraindicated in cases of 
second-degree and third-degree A-V block unless 
an electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, 





it has been suggested that, in a patient who is 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heartrate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asusto!e or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving norma! dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, orin whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discentinuation of the drug. 
If discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 
be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be-usec concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case uith fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects shauld be borne in mind. 


Hypersensitivity reactions, such as angloneurotic 
edema ond maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blooc counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustainec-release product 
form. The duration of action ef procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 
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A new single chambered percutaneous intraaortic balloon has been 
constructed around a central guidewire. The balloon can be wrapped 
around the guidewire, enabling its insertion into the femoral artery through 
a 12F sheath inserted with the conventional Seldinger technique. Per- 
cutaneous intraaortic balloon insertion has been performed in 27 patients 
(mean age 58 years) for à variety of medical and surgical indications. 
Percutaneous balloons could not be advanced into the aorta in two patients 
(7.4 percent) with severe bilateral aortoiliac occlusive disease. In all 25 
patients undergoing intraaortic balloon pumping satisfactory circulatory 
support was achieved, and 21 (84 percent) of the patients survived to be 
discharged from the hospital. The mean duration of intraaortic balloon 
pumping was 3.5 days. 

Percutaneous intraaortic balloon insertion requires less than 5 minutes 
and has been successfully performed in the cardiac catheterization lab- 
oratory, coronary care unit, operating room and recovery room. After direct 
balloon removal, external pressure was applied for 30 minutes. No patient 
experienced hematoma of the groin, aortic dissection, compromised distal 
pulses or late wound complications. Percutaneous balloon insertion 
permits the rapid institution of circulatory support and broadens the 
medical and surgical applications of intraaortic balloon pumping. 


Intraaortic balloon pumping is widely used for circulatory support of 
patients with postoperative left ventricular failure,! cardiogenic shock 
after acute myocardial infarction,?^? unstable angina refractory to 
medical treatment^ and recurrent myocardial ischemia after acute 
myocardial infarction.? Conventional insertion of a standard intraaortic 
balloon requires surgical exposure of the common femoral artery and 
end to side anastomosis of a prosthetic graft to the artery with vascular 
techniques. Subsequent removal of the balloon necessitates a second 
surgical procedure that requires either oversewing or removal of the 
graft. 

In this study we describe a new percutaneous approach to intraaortic 
balloon insertion that permits rapid institution of circulatory support 
and simplifies balloon removal. Our initial experience suggests that 
utilization of this new approach may reduce the incidence of complica- 
tions associated yith conventional methods of applying intraaortic 
balloon pumping.? 


Methods 


Patients: Percutaneous insertion of an intraaortic balloon was attempted in 
27 adult patients whose clinical conditions are listed in Table I. The treated 
patients included 21 men and 4 women ranging in age from 25 to 70 years (mean 
55 years). 

Technique: The following technique was used for percutaneous insertion of 
the intraaortic balloon with the Seldinger method. After the inguinal region was 
prepared and draped, the common femoral artery was punctured with a standard 
18 gauge arterial needle, and a 0.038 inch (0.097 cm) J tip guidewire was inserted 
into the artery through the needle. After removal of the needle, an 8F dilator 
was passed over the guidewire to dilate the subcutaneous tissues and the arterial 
puncture site. The dilator was then exchanged for a 12F dilator-sheath combi- 
nation, which was advanced over the guidewire into the artery. 
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TABLE ! 


Indications for Percutaneous Intraaortic Balloon Pumping in 
25 Patients 


Patients 


(n) 


Acute VSD with surgery 1 
Refractory angina after acute MI 5 
Unsteble angina refractory to medical treatment 3 
Preoperative support 1 
Intracperative MI 2 
Acute MI during coronary arteriography 3 
Postoperative LV pump failure 2 

3 


1) 
Terminal cardiomyopathy in cardiac transplant patients (1)* 
Postoperative cardiac arrest 3(1)* 
Cardiac arrest during cardiac catheterization 2 
Total patients assisted 25 


Total patients discharged 


* Figures in parentheses indicate number of nonsurvivors. 
LV = left ventricular; MI = myocardial infarction; n = number; VSD 
= ventricular septal defect. 


The percutaneous balloon (PERCOR™ Balloon, Data- 
scope Corporation, Paramus, New Jersey) was then prepared 
for insertion in the following manner. The balloon was mois- 
tened in saline solution and furled while an assistant held the 
distal tip of the balloon catheter immobile. The deflated 
balloon was furled by wrapping it around the balloon catheter, 
starting at the distal end and proceeding proximally (Fig. 1). 
Any residual air remaining in the balloon was completely 
evacuated with a syringe and stopcock. 

The guidewire and 12F dilator were then removed, leaving 
the 12F sheath in place. Bleeding was controlled by firmly 
compressing the sheath. The furled balloon was then inserted 
through the sheath (Fig. 2) and was positioned under fluo- 





FIGURE 1. Intraaortic balloon furled for percutaneous insertion. 


roscopy in the descending thoracic aorta. After removal of the 
stopcock, the balloon catheter was attached to the pumping 
console, and intraaortic balloon pumping was begur. Correct 
inflation and deflation of the balloon were confirmed with 
fluoroscopic guidance. The 12F sheath and balloon catheter 
were ligated with umbilical tape to prevent bleeding around 
the catheter, and a sterile dressing was applied to the sheath 
and balloon catheter assembly. 

Percutaneous balloon removal: Before removal of the 
balloon catheter, the balloon was completely collapsed by 
aspiration with a syringe. The balloon was then withdrawn up 
to the 12F sheath, and the sheath and balloon were removed 
as a unit. Direct external pressure was then applied to the 
puncture site for 30 minutes. After 15 minutes, external 
pressure was lessened to permit reperfusion of the leg. A 
pressure dressing was applied to the puncture size for 24 
hours. 


Results 


Percutaneous balloon placement was successful in 25 
of the 27 patients. In two patients with severe bilateral 
aortoiliac occlusive disease, the balloon catheter could 
not be advanced from the femoral artery into the aorta. 
In all the treated patients satisfactory circulatory sup- 
port was achieved. Twenty-one (84 percent) of these 
patients survived and were discharged from the hos- 
pital. 

Mortality: There were four deaths in this series. One 
patient who died had undergone a double valve re- 
placement and coronary bypass grafting; this patient 
required circulatory support with intraaortic balloon 
pumping on the first postoperative day despite a max- 
imal inotropic regimen. This patient eventually died in 





FIGURE 2. Schematic diagram showing insertion of furled percutaneous 
intraaortic balloon through a 12F sheath in the common femoral ar- 
tery. 


262 Auaust 1980 The American Journal of CARDIOLOGY Volume 46 


a state of low cardiac output. The second patient had 
successful circulatory support with intraaortic balloon 
pumping during treatment for septic shock but he 
ultimately died while awaiting cardiac transplantation. 
The third patient who died had sustained postoperative 
cardiac arrest and was successfully resuscitated with the 
aid of percutaneously inserted intraaortic balloon. This 
patient achieved a stable hemodynamic pattern within 
minutes of the start of balloon pumping. The balloon 
was removed the following day, but 4 hours after the 
termination of circulatory assistance, the patient sus- 
tained another cardiac arrest from which she could not 
be resuscitated. Similarly, a fourth patient had pro- 
phylactic intraaortic balloon pumping for left main 
coronary artery disease and poor ventricular function. 
The patient underwent coronary bypass grafting and 
balloon weaning uneventfully, but he subsequently died 
of an unexplained cardiac arrest. The mean duration of 
intraaortic balloon pumping for the 25 patients was 3.5 
days. 

Place of balloon insertion: Percutaneous intraaortic 
balloon insertion generally required less than 5 minutes 
and was successfully performed in the cardiac cathe- 
terization laboratory, coronary care unit, operating 
room or recovery room. Fluoroscopy was used for 
nineteen balloon insertions. In six patients the balloon 
was inserted percutaneously without fluoroscopy. 

Complications: After direct balloon removal, ex- 
ternal pressure was applied for 30 minutes. No patient 
experienced hematoma of the groin, aortic dissection, 
compromised distal pulses or late wound complications. 
The only complication occurred in a patient who ex- 
perienced severe abdominal pain after percutaneous 
placement of the intraaortic balloon. Mesenteric angi- 
ography disclosed that the distal aspect of the balloon 
was intermittently interrupting the arterial inflow of a 
stenotic superior mesenteric artery. After repositioning 
of the balloon, the patient's abdominal pain was com- 
pletely relieved. 


Discussion 


Intraaortic balloon pumping is currently the most 
widely used mechanical technique for temporary sup- 
port of the circulation. This procedure is effective in 
stabilizing the hemodynamic status of patients with 
cardiogenic shock;? in relieving myocardial ischemia in 
patients with refractory unstable angina or recurrent 
angina after myocardial infarction,? and in providing 
circulatory support in patients with severe left ven- 
tricular dysfunction after cardiopulmonary bypass.? 

Clinical indications of percutaneous technique: 
Using conventional surgical techniques, an experienced 
surgeon requires 30 to 45 minutes to insert the in- 
traaortic balloon, and must perform a second operative 
procedure to remove the balloon. The percutaneous 
approach to intraaortic balloon pumping facilitates 
balloon insertion and removal and permits rapid insti- 
tution of mechanical circulatory support. The avail- 
ability of rapid percutaneous insertion of the intraaortic 
balloon has broadened the clinical indications for the 


PERCUTANEOUS INTRAAORTIC BALLOON INSERTION—BREGMAN ET AL. 


balloon pumping in our institution. In this study, the 
percutaneously inserted balloon was most useful in 
supporting patients with an acute coronary ischemic 
syndrome. 

In patients with refractory angina after acute 
myocardial infarction, the risks of coronary arteriog- 
raphy are increased. In this group of patients, we in- 
serted the intraaortic balloon by the percutaneous 
method in the catheterization laboratory just before 
coronary arteriography. This approach protects the 
patient during the angiographic study,!° and the balloon 
is left in place to provide circulatory support for the 
patient during induction of anesthesia and in the im- 
mediate postoperative period. 

We have found rapid percutaneous insertion of the 
intraaortic balloon to be particularly useful in patients 
experiencing severe myocardial ischemia or acute 
myocardial infarction during coronary arteriography. 
In these patients the coronary catheter can be rapidly 
exchanged for the balloon pump through the same 
puncture site in the femoral artery. In five patients ex- 
periencing acute myocardial infarction during coronary 
arteriography, percutaneous intraaortic balloon 
placement and pumping rapidly reversed cardiogenic 
shock and supported the patients during emergency 
revascularization and in the postoperative period. 

Another role for intraaortic balloon pumping made 
possible by the percutaneous approach is mechanical 
circulatory support of patients during cardiac resus- 
citation. Conventional balloon insertion is not feasible 
during resuscitation because of the time required for 
surgical insertion. Because percutaneous insertion can 
be instituted in several minutes, without interfering 
with resuscitative efforts or closed chest massage, this 
approach can be used to provide mechanical circulatory 
support during resuscitation. In three patients in our 
series, the intraaortic balloon was inserted during closed 
chest cardiac massage for treatment of cardiac arrest. 
Two of these patients survived and left the hospital. 
Percutaneous insertion of the intraaortic balloon can 
be performed at the bedside and may be most useful in 
patients for whom prolonged resuscitative efforts are 
anticipated. 

Reduction in vascular complications: Our initial 
experience suggests that the vascular complications 
associated with conventional surgical intraaortic balloon 
insertion may be diminished by use of the percutaneous 
technique. Several studies!!! have documented serious 
vascular or local wound complications in 5 to 30 percent 
of patients undergoing standard surgical intraaortic 
balloon insertion. One promising technique that makes 
use of a guidewire through a central lumen in the bal- 
loon was recently described.!? None of the patients in 
our series experienced hematoma of the groin, aortic 
dissection, compromised distal pulses or late wound 
complications after percutaneous insertion of the in- 
traaortic balloon. Our experience indicates that com- 
plications may possibly be minimized by adaptation of 
the percutaneous method. This safe and rapid method 
for balloon insertion may justify earlier use of in- 
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traaortic balloon pumping in acute ischemic syndromes, 
including evolving acute myocardial infarction and 
impending extension after acute infarction. 

Technical considerations: The percutaneous intra- 
aortic balloon is available in the same size (40 cc) as 
conventional intraaortic balloons and provides the same 
hemodynamic augmentation. The single chambered 
pereutaneous balloon is more easily inflated and de- 
flated than is the conventional single chambered balloon 
because the inlet and outlet gas ports at the end of the 
balloon are larger. In addition, the percutaneous balloon 
can be used with any commercially available intraaortic 
balloon pumping console. 

The insertion of the percutaneous intraaortic balloon 
is simple and can be performed by any physician ex- 
perienced with insertion of a catheter into the femoral 
artery by the Seldinger method. Several technical de- 
tails should be carefully observed. Neither the guidewire 


nor the balloon catheter should be forced into the artery 
if resistance is encountered. The balloon must be im- 
mersed in saline solution just before it is furled to fa- 
cilitate unwrapping of the balloon after it is advanced 
into the descending thoracic aorta. The cannula and 
balloon catheter must be securely taped to the groin 
because accidental removal of the balloon catheter could 
cause serious hemorrhage. Although percutaneous in- 
traaortic balloon pumping can be performed without 
the use of fluoroscopy, our experience indicates that a 
fluoroscope permits more precise positioning of the 
balloon in the aorta and obviates the risk of balloon 
occlusion of arterial branches. 

In conclusion, percutaneous insertion of an in- 
traaortic balloon permits rapid and safe institution of 
intraaortic balloon support and may broaden the 
medical and surgical applications of such circulatory 
support. 
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The proper use of sequential diagnostic blood oxygen determinations for 
assessing left to right shunts requires a thorough understanding of the 
normal variability of blood oxygen measurements among the various right 
heart chambers and the influence of alterations in circulating hemoglobin 
levels and systemic blood flow. Oximetric measurements were obtained 
in 23 patients without a left to right shunt and compared with measure- 
ments obtained in 42 patients with a proved left to right shunt to examine 
the normal range of oxygen variability in blood samples from right heart 
chambers. The effect of fluctuations in hemoglobin levels was evaluated 
by comparing increases in percent oxygen saturation and oxygen content. 
Differences in percent saturation were found to be more useful than dif- 
ferences in oxygen content for detection of cardiac shunts. A mean dif- 
ference of at least 7 percent oxygen saturation was found to be required 
for a firm diagnosis of a shunt at the atrial level, and 5 percent oxygen 
saturation for a shunt at the ventricular or great vessel level. 

The curvilinear relation between systemic blood flow and oxygen 
step-up in determining the pulmonary to systemic flow (Qp/Qs) ratio was 
expressed in a series of equations and depicted by a three dimensional 
surface. Interventions such as exercise augment both systemic blood flow 
and oxygen step-up, resulting in a shift to a more steeply rising portion 
of the surface and a dramatic increase in shunt flow. The minimal left to 
right shunt detectable with oximetry is largely dependent on the level of 
systemic blood flow. 


Intracardiac left to right shunting of blood is commonly assessed in the 
cardiac catheterization laboratory by oximetric analysis of blood samples 
obtained sequentially from various right heart chambers. Although this 
method is less sensitive than other techniques, it is the most practical 
and most commonly used. When a “significant” increase in the amount 
of oxygen in blood samples obtained from distal as compared with 
proximal chambers is noted, a left to right shunt is presumed to be 
present. However, there are definite limitations of this oximetric ap- 
proach as a result of basic physiologic constraints.^? Implicit in the 
oximetric method is a knowledge of the normal variability of blood 
oxygen measurements among the various right heart chambers. In ad- 
dition, the influence of alterations in circulating hemoglobin levels and 
systemic blood flow must be recognized. 

We attempted a critical analysis of the strengths and limitations of 
the oximetric method based on: (1) retrospective study of oximetric 
measurements in patients with a documented left to right shunt; (2) 
prospective study of oximetric measurements in patients with no left 
to right shunt; and (3) theoretic computer-generated plots demonstrating 
important relations between oxygen step-up, systemic blood flow and 
the pulmonary to systemic flow ratio. The findings are discussed with 
reference to previously published reports on oximetric assessment of 
intracardiac left to right shunts. 
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Methods 


Technique of performing diagnostic oximetry runs, 
oxygen measurements and blood flow calculations: The 
method used has previously been reported from this institu- 
tion.'? Briefly, a Goodale-Lubin catheter (7 or 8F) was posi- 
tioned in the pulmonary artery. Duplicate 2 ml specimens of 
blood were rapidly obtained from each of multiple selected 
sites in the pulmonary artery, right ventricle, right atrium and 
both venae cavae (see later). All catheter positions were con- 
firmed with hemodynamic measurements and fluoroscopy. 
Samples were collected in heparinized glass syringes with 
snug-fitting barrels. Care was taken to exclude all air from the 
sampling syringe before and after obtaining the blood sample 
and the catheter was well flushed between sampling sites. No 
patient had pulmonary or tricuspid regurgitation and only 
technically adequate specimens (that is, those that had no clot, 
were obtained during a relatively unchanging physiologic state 
and were free of air bubbles). 

Oxygen measurements in patients with shunts were made 
by reflectance oximetry (American Optimal Oximeter) and 
the results expressed as percent oxygen saturation. To es- 
tablish criteria for detection of shunts based on the normal 
variability of oxygen determinations in the right heart 
chambers of patients without a shunt, a method of oxygen 
measurements more accurate than standard photoelectric 
colorimetry was used. Oxygen content was measured directly 
using an electrochemical fuel-cell method (LEX-O2-CON) 
(Lexington Instruments, Lexington, Massachusetts). This is 
a highly reliable technique that has previously been validated 
against the Van Slyke method by other investigators? and in 
our own laboratory. Results are expressed as oxygen volumes 
percent from which percent oxygen saturation can readily be 
calculated using.a patient's blood oxygen-binding capacity. 

Blood flow calculations in patients with a left to right 
shunt were determined as follows: 


Qp = pulmonary blood flow (liters/min) = 
Ox consumption (ml/min) 
[PV Os content] — [PA Os content] 
(ml/liter) (ml/liter) 
Qs = systemic blood flow (liters/min) = 
Os consumption (ml/min) 
[SA Os content] — [MV Oz content] 
(ml/liter) (ml/liter) 
where PV = pulmonary vein; PA = pulmonary artery; SA = 
systemic artery; and MV = mixed venous. For shunts at the 
great vessel level the mixed venous value is the average of all 
right ventricular samples obtained during the oximetric series; 
at the ventricular level MV = average of all right atrial sam- 
ples; at the atrial level 


my = 3X (SVC) + (IVC) 


4 


after the method of Flamm et al.,* where SVC = superior vena 
cava and IVC = inferior vena cava. When no data from the 
inferior vena cava were available, values from all samples from 
the superior vena cava were averaged. 

Patients and analysis of oximetry data: To examine the 
accuracy of repeated oxygen measurements by the electro- 
chemical method, data from 52 patients without an intra- 
cardiac shunt were analyzed. There were 33 men and 19 
women with an age range of 19 to 72 years. These patients were 
undergoing diagnostic cardiac catheterization for evaluation 
of coronary artery disease, valvular heart disease, cardiomy- 


opathy or possible pulmonary embolism. Each patient had 
duplicate samples of blood obtained from the main pulmonary 
artery and oxygen content measured with the electrochemical 
technique. Eight patients had more than one pair of samples 
obtained from the pulmonary artery as part of the diagnostic 
catheterization protocol. There were 62 separate pairs of 
pulmonary arterial specimens available for analysis. For each 
of the 62 pairs of samples the variance of the mean was de- 
termined and then a mean variance + 2 standard deviations 
was calculated for the entire group. This value is a reflection 
of the interobservation error of oxygen determinations by this 
method.* 

To establish the normal interchamber variability of oxygen 
content and saturation, modified oximetric analvses were 
performed in 23 patients without evidence of a left to right 
shunt. Intracardiac shunts were excluded on the bases of 
clinical examination, extensive noninvasive evaluations and, 
in many cases, surgical confirmation. There were 13 men and 
10 women with an age range of 30 to 72 years. All had duplicate 
2 ml blood samples drawn from the main pulmonary artery, 
mid right ventricle, right atrium near the tricuspid valve, mid 
lateral right atrium, high right atrium, and superior vena cava 
at the junction with the innominate vein. Oxygen content as 
oxygen volumes percent was measured directly by the elec- 
trochemical method and was then converted to oxygen satu- 
ration. Oxygen measurements were compared between the 
following pairs of right heart chambers: superior vena cava and 
pooled right atrial samples, pooled right atrial samples and 
right ventricle, right ventricle and pulmonary artery, mid 
lateral right atrium and pulmonary artery, and pooled right 
atrial samples and pulmonary artery. 

Two methods were used to characterize the norraal range 
of oxygen differences between right heart chambers: (1) 
oxygen difference = (Mean of distal chamber samples) — 
(Mean of proximal chamber samples), and (2) oxygen differ- 
ence = (Highest value in distal chamber) — (Highest value in 
proximal chamber). The absolute value of the difference was 
utilized in all cases. Data were expressed as mean difference 
+2 standard deviations between chambers for both oxygen 
content and percent oxygen saturation. 

Previous studies have suggested that the normal inter- 
chamber variability of oxygen measurements is probably a 
result of the combination of inadequate mixing of venous 
samples, measurement error and a changing physiologic 
state. We attempted to eliminate changes in the physiologic 
state as a variable by performing the oximetric observations 
rapidly (total time 5 to 7 minutes) and at a time when the 
patient was free of arrhythmia, calm and maintaining a steady 
respiratory pattern. 

Evaluation of patients with left to right shunts: The 
records of all patients who underwent cardiac catheterization 
at the Peter Bent Brigham Hospital between 1974 and 1979 
were reviewed for left to right shunts. Only patients who ful- 
filled the following criteria were included: (1) there was no 
evidence for bidirectional shunting; and (2) a complete oxi- 
metry series was performed in which 2 ml blood samples were 
obtained from either the proximal left or right pulmonary 
artery, main pulmonary artery, right ventricular outflow tract, 
mid right ventricular chamber, right ventricular inflow area, 
right atrium at the level of the tricuspid valve, mid lateral right 
atrium, high right atrium, low superior vena cava, high supe- 
rior vena cava (at the junction with the innominate vein) and 
inferior vena cava at the level of the diaphragm. 

The results in 42 cases were analyzed for the following: 
magnitude of oxygen step-up expressed both as percent oxy- 
gen saturation and oxygen volumes percent, systemic blood 
flow indexed for body surface area (SBFI) and Qp/Qsg ratio. 
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Computer-generated plots: To examine the influence of 
variation in systemic blood flow on detection and measure- 
ment of intracardiac left to right shunts, we plotted theoretic 
triaxial curves relating systemic blood flow, the percent oxygen 
saturation and the expected Qp/Qs ratio with the aid of a 
Tektronix 4051 computer. In the generation of these plots the 
following assumptions were made: 

1. Blood hemoglobin concentration = 14.7 g/100 ml and the 
hemoglobin oxygen-binding capacity was constant at 1.36 ml 
O»/g hemoglobin, giving a theoretic oxygen capacity of 200 ml 
O,/liter. 

2. Oxygen consumption per minute indexed for body sur- 
face area = 125 ml/min per m2. 

3. Arterial and pulmonary venous saturations were equal 
at 98 percent. 

4. Only a single left to right shunt was present, corre- 
sponding to a single oxygen increase in the right heart cham- 
bers. 

The following equations were used to generate the theo- 
retic plots: 


125 ml/min per m? 
(200) X (0.98 — MV) 
125 ml/min per m? 
(200) X (0.98 — PA) 


where SBFI and PBFI are the systemic and pulmonary blood 
flow index, respectively. 

The range of values for mixed venous (MV) saturation was 
chosen so that systemic blood flow index values would fall 
between 0.9 and 4.0 liters/min per m?. From these predeter- 
mined mixed venous saturation values a corresponding pul- 
monary arterial (PA) saturation was calculated assuming 
various levels of step-up in percent oxygen saturation. This 
analysis does not put any restrictions on the site of the left to 
right shunt. Rather, the general term mixed venous saturation 
was taken to represent the level of oxygen saturation in the 
venous blood returning to the right heart immediately prox- 
imal to the level of the oxygen increase. 


SBFI = 


PBFI = 


Results 


Measurement error of the method: To determine 
the interobservation error (that is, reproducibility) of 
blood oxygen measurements by the electrochemical 
method, we calculated the mean variance of values ob- 
tained for 62 pairs of samples from a single site in the 
pulmonary artery. The mean variance was 0.07 volume 
percent or 2.1 percent saturation. 
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Normal variability of blood oxygen measure- 
ments among individual right heart chambers 
(interchamber “step-up”): Table I lists the results in 
23 patients without a shunt. In all instances comparison 
of the mean values of samples between two chambers 
yielded a smaller difference than comparison of the 
highest values between two chambers. By either method 
the difference from the superior vena cava to the right 
atrium was greatest, being 1.4 + 5.7 percent saturation 
(mean + 2 standard deviations) when mean values were 
compared or 4.9 + 6.0 percent saturation when highest 
values in the two chambers were compared. Similar 
findings were observed when the data were expressed 
as oxygen volumes percent. 

When we compared the highest values in each 
chamber, a considerably smaller oxygen difference was 
noted between samples obtained from the main pul- 
monary artery and mid lateral right atrium (0.76 + 5.9 
percent saturation) than between the main pulmonary 
artery and the average of all the right atrial samples (3.9 
+ 5.4 percent saturation). However, when mean values 
in the two chambers were compared, it made little dif- 
ference whether the mean of the mid lateral right atrial 
samples or the mean of all the right atrial samples was 
compared with the mean pulmonary arterial value. 

Influence of circulating blood hemoglobin con- 
centration: Figure 1 is a plot of the oxygen step-up in 
the 42 patients with a left to right shunt measured as 
percent oxygen saturation and also expressed as oxygen 
volumes percent. Twenty-five patients had a left to right 
shunt at the atrial level, 15 at the ventricular level and 
2 at the level of the great vessels. Patient data are 
summarized in Table II. Although there was a linear 
correlation between the measured percent oxygen sat- 
uration and calculated oxygen volumes percent, there 
were several significant deviations. For example, a 13.5 
percent oxygen saturation increase in one patient cor- 
responded to 1.7 volumes percent whereas virtually the 
same percent oxygen saturation corresponded to 2.7 
volumes percent in another patient with a different 
blood hemoglobin concentration. 

This concept is illustrated in a different manner in 
'Table III. The same increase measured in percent 
oxygen saturation would correspond to very different 


TABLE | 
Interchamber Variability in Oxygen Saturation and Oxygen Content* 
Mean of Proximal Highest Value 
Mean of Distal Chamber Samples Highest Value In Proximal Chamber 
Distal — Proximal Chamber Samples (AO; Content In Distal Chamber (AO, Content 
Chamber (AO596 Sat) [vol 96 ]) (AO596 Sat) [vol 96]) 
RA — Svct 1.4 € 5.7% 0.28 + 1.0 4.9 + 6.0 0.9 + 1.2 
RV — RA 0.7 + 4.7 0.13 + 0.86 40+ 5.6 0.7 + 0.96 
PA — RV 0.35 + 4.8 0.06 + 0.90 0.39 + 4.6 0.07 + 0.88 
PA — RA mid 0.60 + 4.8 0.11 + 1.2 0.76+ 5.9 0.13 + 1.1 
PA — RA 0.34 + 5.0 0.05 + 0.88 3.94 5.4 0.69 + 0.6 


SO Lond a RENTRER A) th eh ec me ATS: SE OO ee St DRS SEE CS 
* Data are from 23 patients without a shunt who had right heart oximetry runs; t all distal-proximal chamber differences are expressed as absolute 


differences; * mean + 2 standard deviations. 


= difference; PA = pulmonary artery; RA = right atrium; RA mid = mid lateral right atrium; RV = right ventricle; Sat = saturation; SVC = 


superior vena Cava. 
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oxygen contents (oxygen volumes percent) at different 
levels of blood hemoglobin concentration within the 
physiologic range. For example, a 20 percent oxygen 
saturation increase would correspond to 2.72 volumes 
percent for a hemoglobin of 10 g/100 ml but 4.08 vol- 
umes percent if the hemoglobin were 15 g/100 ml. 
Influence of systemic blood flow: Figure 2 is a 
triaxial plot demonstrating the interaction between the 
increase in percent oxygen saturation and the level of 
systemic blood flow in determining the magnitude of a 
measured shunt (Qp/Qs ratio). There is a curvilinear 
relation between systemic blood flow and the Qp/Qs 


TABLE Il 
Oximetry Data in 42 Patients With a Left to Right Shunt 
Level Increase 
of 
Shunt Diagnosis O2% Sat Os Vol?;  SBFI Qp/Qs 
Atrium 
1 ASD 29? 9.4 1.4 2.8 2.0 
2 ASD 2° 10.8 1.9 4.2 2.1 
3 ASD 2° 11.5 2.1 2.3 2.5 
4 ASD 29 12.1 2:2 2.6 2.1 
5 ASD 1° 12.9 2.6 2.3 23 
€ ASD 29 13.0 2.5 2.7 2.6 
7 ASD 2° 13.4 2.1 3.4 3.6 
E ASD 29 13.5 1.7 2.7 3.2 
e ASD 2? 13.7 2.5 3.7 3.6 
10 ASD SV 14.4 3:2 3.3 2.0 
11 ASD 2° 16.1 3.0 3.0 3.2 
12 ASD 2° 16.3 2.9 3.5 2.6 
13 ASD 2° 18.1 3.5 2.1 217 
14 ASD 29 19.4 3.6 2.4 6.3 
15 ASD 2° 19.5 2:2 2.5 2.9 
16 ASD 2° 20.0 a7 3.5 6.3 
17 ASD 2° 20.0 3.4 2.4 2.9 
1€ ASD 2° 20.5 = 2.2 3.3 
19 ASD 1° 20.0 9.7 2.5 3.4 
2C ASD 29 21.9 4.6 2.3 3.0 
21 ASD 2° 22.0 5.0 27 4.0 
22 ASD 2? 22.8 4.7 2.0 4.4 
23 ASD 2° 23.1 4.5 2 4.1 
24 ASD 2° 30.0 4.7 1.8 2.9 
25 PAPVR 32.4 6.6 2.9 2.5 
Ventricle 
26 VSD 32 0.7 3.0 1.2 
27 VSD 7.0 1.2 2.9 1.3 
28 VSD 8.0 1.7 2.3 1.6 
2€ RSVA 8.0 1.4 4.3 1.5 
3C VSD 8.2 iw 2.4 13 
31 VSD 10.0 2.1 9.2 2.1 
32 VSD 10.0 1.4 4.0 12 
33 RSVA 10.2 2.1 1.8 1.5 
34 VSD 12.0 2l 4.5 9.1 
35 RSVA 13.1 2.9 3.4 2.0 
36 VSD 13.4 2.7 3.5 2.5 
37 VSDgMI 17.4 2.9 2.1 1.9 
38 VSD 18.0 3.7 9.7 3.2 
39 VSD5MI 25.0 3.9 2.1 2.0 
40 VSD 28.7 4.9 1.7 3:1 
Great 
vessels 
41 PDA 13.0 2.2 2.5 2.3 


42 PDA 37.0 6.1 1.3 2.8 


ASD 1° = primum atrial septal defect; ASD 2° = secundum atrial 
septal defect; ASD SV = atrial septal defect of sinus venosus type; 
O2% Sat = oxygen percent saturation; Oo Vol% = O; content in vol- 
umes percent; PAPVR = partial anomalous pulmonary venous return; 
PDA = patent ductus arteriosus; QP/QS = ratio of pulmonary blood flow 
to systemic blood flow; RSVA = ruptured sinus of Valsalva aneurysm; 
SBFI = systemic blood flow index (liters/min per m°); VSD = ventricular 
ide a VSD5MI = ventricular septal defect after myocardial 
infarction. 


ratio for a constant oxygen increase. Thus, as systemic 
blood flow increases, the Qp/Qs ratio rises dramatically 
for a given oxygen increase. For example, at a constant 
oxygen step-up of 12 percent saturation if the systemic 
blood flow index is 1.8 liters/min per m? the Qp/Qs ratio 
is 1.5; however, for a systemic blood flow index of 3.6 
liters/min per m? the Qp/Qs ratio rises to 3.3. 

Table IV was constructed to illustrate both the 
sensitivity of the oximetric method in identifying left 
to right shunts and the importance of the level of sys- 
temic blood flow. The approximate minimal Qp/Qs ratio 
associated with shunts at various levels of systemic 
blood flow was calculated assuming three different 
magnitudes of step-up in oxygen saturation (5, 7 and 10 
percent saturation). For example, at a systemic blood 
flow (indexed for body surface area) of 3.0 liters/min per 
m?, Qp/Qs ratios of 1.3 and 1.9 would be required to 
detect shunts causing a 5 percent saturation and 10 
percent saturation increase, respectively. However, at 
a systemic blood flow index of 1.5 liters/min per m?, 
Qp/Qs ratios of 1.1 and 1.3 would be required. Thus, the 
minimal left to right shunt detectable with oximetry is 
largely dependent on the level of systemic blood flow. 
At a low level of systemic blood flow the accepted min- 
imal oxygen step-up for the diagnosis of a shunt will 
yield a small Qp/Qs ratio; however, a large increase must 
be present before a significant shunt is diagnosed. 

The three dimensional surface depicted in Figure 2 
is a theoretic plot based on several assumptions, as in- 
dicated earlier. Similar surfaces were constructed on the 
basis of different assumed values of circulating blood 
hemoglobin concentration and arterial oxygen satura- 
tion. Although the surfaces assumed slightly different 
shapes and were shifted slightly in the triaxial reference 
system, the same curvilinear relation was obtained. 





35 40 


5 10 15 20 25 30 
STEP UP IN O, % SAT 


FIGURE 1. Comparison of step-up in oxygen saturation and content. 
The step-up in percent oxygen saturation (02% SAT) in 42 patients with 
a left to right shunt is plotted against the same step-up expressed as 
oxygen volumes percent. Although a rough linear correlation exists 
between percent oxygen saturation and oxygen volumes percent there 
are notable deviations depending on the blood hemoglobin concen- 
tration. 
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Expected Value of O2 Content (volumes percent) for Various Levels of O2 Step-Up and Blood Hemoglobin Concentration 





Increase Hemoglobin Concentration (g/ 100 ml) 
in 96 O2 
Saturation 10 11 12 13 14 15 
5 96 0.68* 0.75 0.82 0.89 0.95 1.02 
1096 1.36 1.49 1.63 1.77 1.90 2.04 
1596 2.04 2.24 2.45 2.66 2.86 3.06 
2096 2.72 2.99 3.26 3.54 3.81 4.08 


* Volumes percent. 


A constant hemoglobin oxygen-binding capacity of 1.36 ml O2/g hemoglobin is assumed. 


Discussion 


Early in the development of diagnostic right heart 
catheterization it was noted that an increase in oxygen 
content in right heart chambers occurred when a left to 
right shunt was present." However, it was quickly rec- 
ognized that there was also variation in measurements 
of right heart oxygen content in normal healthy per- 
sons.>%8 This variation was believed to be due to in- 
complete mixing of venous streams, measurement errors 
and alterations in the subject’s physiologic state.® 
Several classic studies were performed to define the 
extent of this variability of oxygen measurements in 
normal subjects?9 and establish criteria for detection 
of shunts.2 Several of these studies were based on the 
Van Slyke method? of directly measuring oxygen con- 
tent, yet most catheterization laboratories today use 
reflectance oximetry to measure oxygen saturation.!? 
'Thus, new criteria for shunt detection in terms of oxy- 
gen saturation are needed. Our study provides such 





A O, %SAT 


FIGURE 2. Theoretic triaxial plot of the curvilinear relation between 
the step-up in percent oxygen saturation (AO296 SAT), systemic blood 
flow (SBF) indexed for body surface area and the expected pulmonary 
to systemic flow ratio (Qe/Qs). The three dimensional surface that is 
generated is viewed from above and slightly to the left. Interventions 
such as exercise that increase both AO, percent SAT and systemic 
blood flow index (moving to a more steeply rising portion of the surface) 
will dramatically increase the Qp/Qg ratio. 


criteria for adult subjects. In an elegant and carefully 
conducted study, Freed et al.!! have reported similar 
data for pediatric subjects. 

In our study of patients without a shunt, right heart 
chamber oxygen content was measured directly by an 
electrochemical fuel-cell method. This technique was 
chosen because it is rapid, highly accurate? and more 
reliable than reflectance measurements, which may 
have considerable variability as a result of the effects 
of circulating carboxyhemoglobin. The error of our 
measurement technique established from 62 pairs of 
samples from a single site in the pulmonary artery was 
2.1 + 2.8 percent saturation (mean + 2 standard de- 
viations). 

Normal fluctuations in right chamber oxygen 
saturation: Fluctuations of oxygen measurements in 
the right atrium (which receives venous inputs from the 
two venae cavae and the coronary sinus) are largely in- 
fluenced by incomplete venous mixing, whereas fluc- 
tuations in the pulmonary artery are largely the result 
of intrinsic measurement error. Thus, as previously 
stressed,?6 the right atrium, which receives three major 
venous inputs, is a poor choice for a true mixed venous 
chamber and diagnosis of an oxygen increase in the right 
atrium on the basis of only one or two samples of blood 
may be erroneous. If only a single site in the right atrium 
is sampled to screen rapidly for an oxygen increase in 
comparison with the level in the pulmonary artery, the 


TAVLE IV 


Approximate Minimal Qp/Qs Ratios Required For Detection 
of Left to Right Shunts at Various Levels of Systemic Blood 
Flow and Oxygen Saturation Step-Up* 


Step-Up in Oxygen Saturation 


Level of SBFI C———— py 
(liters/min per m?) 5 96 7 96 1096 
1.5 1.1 po. 1.3 
2.0 1.2 1.3 1.5 
2.5 1.3 1.3 1.7 
3.0 1.3 1.6 1.9 
3.5 1.4 1.6 2.2 
4.0 1.4 1.7 2.6 
4.5 1.5 2.0 3.5 
5.0 1.8 2. 6. 


* It is assumed that blood hemoglobin concentration is 14.7 g/100 
ml, systemic arterial and pulmonary venous oxygen saturations are 
equal at 98 percent and oxygen consumption is 125 ml/min per m?. 
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mid lateral right atrium appears to be best. Samples 
from this area are least likely to reflect caval or coronary 
sinus streaming. 

In many cases of intracardiac shunts the value of 
mixed venous oxygen saturation is imprecise. For atrial 
septal defects Flamm et al.* have provided an empiric 
formula that this laboratory has adopted, although 
other formulas may be equally valid and in some cases 
preferable.* 

Another pertinent consideration is the normal range 
of oxygen increases that can be noted between succes- 
sive right heart chambers in the absence of a left to right 
shunt. Two methods of calculating such differences have 
been used in the past: 1) comparison of the highest 
values obtained in adjacent chambers,” and (2) com- 
parison of the mean values of all the samples obtained 
in adjacent chambers.® We have analyzed our data by 
both methods (Table I). It is clear that comparison of 
the mean oximetric values in two right heart chambers 
results in a smaller difference than that obtained with 
comparison of the highest values in the two chambers. 
This finding is to be expected because a single abnor- 
mally elevated value can occur because of intrinsic 
variation in the respective chamber (for example, one 
cause might be sampling in a venous stream containing 
more highly oxygenated blood). 

Role of blood hemoglobin concentration: Table 
I lists the results expressed both as percent oxygen 
saturation and oxygen content (volumes percent). As 
emphasized in Figure 1 and Table III the same increase 
measured in percent oxygen saturation would corre- 
spond to markedly different oxygen contents if the 
blood hemoglobin concentration varied significantly. 
Thus, when evaluating oximetric data to see if criteria 
for a left to right shunt are satisfied it is more precise to 


TABLE V 


exclude the influence of hemoglobin and utilize only 
oxygen saturation data. This is especially true in pedi- 
atric cases because in the neonatal period the normal 
blood oxygen-carrying capacity may be 20 to 28 volumes 
percent whereas in infancy it decreases to 12 to 16 vol- 
umes percent (related to changes in circulating hemo- 


globin levels).!? 


Criteria for left to right shunt: On the basis of the 
data in Table I we have established guidelines for the 
minimal oxygen increase required for diagnosis of a left 
to right shunt (Table V). The values listed represent the 
mean + 2 standard deviations of the observed increase 
in 23 patients without a shunt. Comparison is made with 
previously reported criteria in both adult and pediatric 
populations. Thus, a mean difference in oxygen satu- 
rations of at least 7 percent saturation would be required 
for a firm diagnosis of a shunt at the atrial level and 5 
percent saturation for a shunt at the ventricular or great 
vessel level. 

Role of systemic blood flow in detecting a left to 
right shunt: The level of the systemic blood flow has 
an important role in both detecting a shunt by oximetry 
and understanding its hemodynamic significance. 
Simple calculation of the flow ratios may not reflect the 
impact of the shunt on the pulmonary vasculature. High 
levels of systemic flow tend to equalize the arteriovenous 
oxygen difference across a given vascular bed. Thus, in 
the presence of elevated systemic blood flow the mixed 
venous oxygen saturation is higher than normal and 
intrachamber variability due to streaming is blunted. 
Even a small increase in right heart oxygen measure- 
ments under such conditions might indicate the pres- 
ence of a significant left to right shunt; larger increases 
would indicate voluminous left to right shunting of 
blood. By contrast, as noted earlier, when systemic 


Proposed Minimal Step-Ups in Oxygen Measurements Required for Oximetric Detection of intracardiac Left to Right Shunts 


Age Technique of Method of 
Range O» Measure- Comparison 
Reference (yr) ments of Samples 
Present 30 to 72 Whole blood Diff-Means* 
study oxygen fuel Max-Diff 
cell analyzer 
Dexter, 7 to 57 Van Slyke Max-Diff 
et al. 
Baratt-Boyes 13 to 44 Cuvette Diff-Means 
et al.9 oximeter of 2 paired 
samples 
Rucolph 1 day to Cuvette 1 pr samples 
et al.'? 50 years oximeter 2 prs samples 
3 prs samples 
ead f Reflectance Diff-Means 
et al.!! oximeter or 
transmission 
spectropho- 
tometer 


Level of Shunt in Right Heart 


Atrium Ventricle Great Vessels 
Sat Content Sat Content Sat Content 
(96) (vol 96) (96) (vol 96) (96) (vol 96) 
7 1.3 5 1.0 5 1.0 
11 2.0 10 14 5 1.0 
— 2.0 — 1.0 — 0.5 
8 — 3 — 2 = 
10 — 7 — 5 — 
7 — 5 — 3 = 
5 — 3 — 3 — 
8 — 6 — 5 — 





* Diff-Means = comparison of means of all values obtained in respective chambers; Max-Diff = comparison of maximal values obtained in two 
chambers; t pediatric age group. 
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blood flow is reduced and the level of mixed venous 
oxygen saturation is low, a larger increase must be de- 
tected before a significant left to right shunt is diag- 
nosed. 

Sensitivity of method: The above relation is curvi- 
linear and expressed in a graphic manner in Figure 2. 
An intervention such as exercise might result in an 
augmentation of both systemic blood flow and the 
step-up in oxygen saturation (by lowering the oxygen 
saturation of mixed venous blood when cardiac output 
is relatively fixed).!? The Qp/Qs ratio would increase 
and patients with equivocal oximetric data at rest might 
be clearly shown to have a shunt on exercise. Thus, the 
minimal left to right shunt detectable with oximetry is 
largely dependent on the level of systemic blood flow. 
Depending on which of the proposed criteria shown in 
Table V are utilized, the approximate minimal Qp/Qs 
ratio detectable by oximetry for various sites of left to 
right shunts at a systemic blood flow index of 3.0 li- 
ters/min per m? would be as follows: 





Minimal Qp/Qs 
Site of Shunt Ratio Required 
Atrium 1.5 to 1.9 
Ventricle 1.3 to 1.5 
Great Vessels Ls 


Using criteria of a 7 percent step-up in oxygen satu- 
ration for atrial shunts and a 5 percent step-up in oxy- 


OXIMETRIC ANALYSIS OF LEFT TO RIGHT SHUNTS—ANTMAN ET AL. 


gen saturation for ventricular and great vessel shunts 
we correctly indentified left to right shunts in 41 of 42 
patients (Table II). One patient (Case 26) had a ven- 
tricular septal defect with an increase of 3.2 percent 
saturation and a Qp/Qs ratio of 1.2. For this patient's 
level.of systemic blood flow index (3.0 liters/min per m?) 
his left to right shunt was below the level of sensitivity 
of the oximetric method but was confirmed with con- 
trast ventriculography. 

Conclusions: The oximetric detection of intracar- 
diac left to right shunts can be optimized by attention 
to the following: 

1. Multiple blood samples at multiple sites should 
be rapidly obtained. 

2. Oxygen saturation data rather than oxygen con- 
tent data are preferable to identify the presence of a 
shunt. 

3. Comparison of the mean of all values obtained in 
respective chambers is preferable to comparison of 
highest values in the two chambers. 

4. Because of the extremely important influence of 
the level of systemic blood flow on the detection and 
measurement of a shunt: (a) Exercise should be used in 
equivocal cases with a depressed systemic blood flow. 
(b) A new notation Q,/Qsjspry should be used to specify 
the level of systemic blood flow at which the Q,/Qs ratio 
was calculated. (For example Qp/Qsjao| = 2.0 would 
indicate a Qp/Qs ratio of 2.0 measured when the value 
For systemic blood flow index was 3.0 liters/min per 
m^.) 
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In order to assess a noninvasive method of predicting pulmonary arterial 
pressure in adults, right ventricular systolic time intervals were determined 
with echocardiography simultaneously with pulmonary arterial end-dia- 
stolic pressure measurements. Right ventricular isovolumic contraction 
time was measured from echographic recordings of the tricuspid and 
pulmonary valves. Although this interval was found to increase as pul- 
monary arterial pressure increased, the method cannot be used to predict 
quantitatively the level of pulmonary arterial pressure in adults. However, 
an echocardiographically determined right ventricular contraction time 
of less than 25 ms suggests a normal pulmonary arterial pressure. In pa- 
tients with pulmonary parenchymal diseases, echograms of the tricuspid 
and pulmonary valves are only rarely of such quality as to permit accurate 
delineation of the valvular events required for these measurements. 


For many years, cardiologists have attempted to anticipate the level of 
pulmonary arterial pressure on the basis of abnormalities of heart sounds 
and data from the electrocardiogram and chest X-ray film. However, 
no more than gross approximations of pulmonary arterial pressure can 
be made from these methods. The development of echocardiography 
afforded the opportunity to observe the movements of heart valves, and 
various abnormalities of pulmonary valve motion, including shallowness 
of the A wave dip,! diminished E-F slope in diastole and mid systolic 
closing movement of the valve cusp, have been found to be associated 
with pulmonary hypertension. However, these findings have been of a 
qualitative rather than a quantitative nature. 

Ability to record the movements of the tricuspid and pulmonary valves 
permits the noninvasive estimation of right-sided systolic time intervals. 
Preliminary studies? from our laboratory had suggested a positive cor- 
relation between right ventricular isovolumic contraction time obtained 
echocardiographieally and pulmonary arterial end-diastolic pressure. 
A similar relation was demonstrated by the meticulous hemodynamic 
investigations of Curtiss et al.,? who used high fidelity micromanometers 
to measure right-sided systolic time intervals. Although the highest 
pulmonary arterial pressures were associated with the longest isovolumic 
contraction times the relation was not linear. In children*’ the echogram 
of the pulmonary valve is relatively easy to record, permitting estimation 
of both right ventricular preejection period (RPEP) and right ventricular 
ejection time (RVET) in this age group. The RPEP/RVET ratio is of 
some limited value in predicting pulmonary arterial pressure or resis- 
tance. 

The objective of the present study was to see whether echographic 
tracings of the tricuspid and pulmonary valves could be employed to 
obtain a quantitative estimate of pulmonary arterial pressure in adults. 
Specifically, the intention was to measure right ventricular isovolumic 
contraction time, which was defined as the period from tricuspid valve 
closure to pulmonary valve opening. 
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Methods 


Patients: Subjects selected for inclusion in this study were 
drawn from patients referred to our cardiac catheterization 
laboratory during the period from July 1976 to September 
1978. All patients were screened before catheterization to 
determine whether the tricuspid and pulmonary valves could 
be adequately visualized with echocardiography. Forty pa- 
tients form the study group from whom our data are derived 
(Table I). Their ages ranged from 4 to 63 years, although only 
five patients were in the pediatric age group, and the average 
age was 31 years. The predominance of atrial septal defect and 
mitral stenosis reflects the greater success in recording the 
tricuspid and pulmonary valves in patients with right ven- 
tricular dilatation. 

Two additional groups were surveyed echocardiographi- 
cally to see whether right ventricular isovolumic contraction 
time could be determined. These consisted of 29 patients with 
chronic lung disease and 43 patients with chest pain who were 
being screened prior to cardiac catheterization and coronary 
arteriography. 

Echocardiography: Echocardiograms were recorded with 
an Irex 101 multichannel recorder (IREX Medical Systems, 
Upper Saddle River, New Jersey) equipped with two 2.25 
megahertz transducers with a diameter of 8 mm. During the 
course of the investigation, the recorder was modified to 
permit the simultaneous registration of the output from the 
two transducers as well as from the electrocardiogram and 
phonocardiogram.® Thus, in 23 patients the tricuspid and 
pulmonary valves were recorded sequentially during cathe- 
terization and in 17 patients these valves were recorded si- 
multaneously with the technique of dual echocardiography. 
One transducer was placed in the third or fourth left inter- 
costal space and angled medially until the anterior leaflet of 
the tricuspid valve was seen. With further manipulation it was 
usually possible to locate the posterior leaflet as well, so that 
a well defined closure or C point could be determined. 
Meanwhile, a second operator would locate the echogram of 
the pulmonary valve by tilting the second transducer to the 
left and superiorly from a position where the aortic valve had 
been visualized (Fig. 1). The paper speed of the recorder was 
set at either 100 or 200 mm/s. 

Cardiac catheterization: Diagnostic studies were carried 
out using standard techniques.’ Right-sided pressure deter- 
minations were obtained with use of fluid-filled catheters. 
During the registration of pressures from the pulmonary ar- 
tery, echograms of both right-sided valves were recorded. 

Analysis of the data: Right ventricular isovolumic con- 
traction time was measured from the closure point (C) of the 
tricuspid valve to the full opening of the pulmonary valve (Fig. 
1). In most instances, it was possible to record the coaptation 
of the tricuspid valve leaflets, thus providing an accurate 
marker for valve closure. Although the onset of the separation 
of the cusps of the pulmonary valve would theoretically be the 
ideal echocardiographic marker for the termination of right 
ventricular isovolumic contraction time, it is seldom possible 
to record this event in adults. Therefore, the moment of 
completed opening of the valve was selected. This definition 
of the end of right ventricular isovolumic contraction time will 
be discussed further. 

In those patients in whom simultaneous dual echoes of the 
tricuspid and pulmonary valves could be obtained, the du- 
ration of echocardiographically determined ventricular iso- 
volumic contraction time was measured directly from the C 
point of the tricuspid valve to full opening of the pulmonary 
valve. It is clear that recording both valves in a single tracing 
reduces the potential for errors in measurement. In the 23 
patients in whom it was necessary to make sequential obser- 
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vations of the movements of the two valves, time was mea- 
sured from the Q wave of the electrocardiogram to the re- 
spective valve landmarks with isovolumic contraction time 
being the difference between the two measurements. In each 
patient, the number of cardiac cycles measured was the 
maximum in which adequate simultaneous echocardiographic 
and pressure data were available; this number ranged from 
5 to 103 cycles (median 21 cycles). A total of 1,296 cardiac 
cycles was analyzed. 

The pulmonary arterial end-diastolic pressure was de- 
termined at the point immediately preceding the systolic 
upstroke (Fig. 1). 


Results 


Relation between pulmonary arterial end-dia- 
stolic pressure and isovolumic contraction time 
(Fig. 2): A general trend is demonstrated between these 
two variables such that as pulmonary arterial pressure 


TABLE | 


Summary of Results: Relation of Tricuspid Valve Closure- 
Pulmonary Valve Opening Time (RVICT) to Pulmonary 
Arterial End-Diastolic Pressure (PAedp) and R-R Interval 





R-R 
Age RVICT PAedp interval 
Case (yr) Diagnosis (ms) (mm Hg) (ms) 
1 43 CAD 90 14 862 
2 8 AS -— 5 550 
3 5 ASD 35 12 520 
4 31 Primary PH 77 39 650 
5 14 40 9 995 
6 63 AS 55 42 810 
7 5 ASD 15 14 700 
8 12 ASD 5 21 752 
9 5 MR 45 31 550 
10 61 MR 55 13 875 
11 38 Postop MS 30 27 530 
12 26 ASD 0 7 777 
13 29 CP 45 17 690 
14 17 AR 45 13 1,150 
15 25 Postop AR, MS 40 25 
16 50 Sarcoid 60 27 800 
17 30 Postop AR, MR 75 29 555 
18 33 CAD 75 25 780 
19 45 MS 77 45 525 
20 30 Postop MR 45 13 850 
21 47 MS 40 19 1,150 
22 28 MS 30 12 825 
23 40 MS 35 25 780 
24 50 ASD 20 15 700 
25 4 ASD 20 13 380 
26 49 AR 50 22 810 
27 60 CP 60 29 832 
28 21 MS 65 32 800 
29 43 CAD 20 11 800 
30 57 MR 65 14 800 
31 15 ASD 20 11 575 
32 18 ASD 15 13 725 
33 40 ASD 35 10 650 
34 43 MS 70 11 785 
35 45 AS 65 42 595 
36 32 LAM 35 2 550 
37 22 AS 70 16 1,075 
38 27 ASD 45 21 660 
39 20 AS 40 14 1,080 
40 20 ARDS 35 23 520 


AR = aortic regurgitation; ARDS = adult respiratory distress syn- 
drome; AS = aortic stenosis; ASD = atrial septal defect; CAD = cor- 
onary artery disease; CP = constrictive pericarditis; LAM = left atrial 
myxoma; MR = mitral regurgitation; MS = mitral stenosis; PH = pul- 
monary hypertension; Postop = postoperative; RVICT = right ven- 
tricular isovolumic contraction time. 
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increases, isovolumic contraction time lengthens. 
However, there is a group of patients in whom a long 
isovolumic contraction time is found in the presence of 
a relatively normal pulmonary arterial end-diastolic 
pressure. 'T'he effect of heart rate (R-R interval) on this 
relation was investigated and found to be only minor. 
This is indicated by the regression equation linking 
these three variables: Pulmonary arterial end-diastolic 
pressure = 23.8 — 0.02 X R-R interval + 0.26 X isovo- 
lumic contraction time. The correlation coefficient was 
0.63 (p «0.001). 

Application of the regression equation: The re- 
sults of applying this regression equation are shown in 
Figure 3, where the observed pulmonary arterial end- 
diastolic pressure is plotted against the predicted 
pressure together with the 95 percent confidence limits. 
Although the majority of the predicted values for pul- 
monary arterial end-diastolic pressure lie within 5 mm 
Hg of the observed value, there are several instances, 
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FIGURE 2. The points locate the median values of the pulmonary arterial 
pressure and echocardiographic right ventricular isovolumic contraction 
time for each of the 40 patients. The total number of cardiac cycles from 
which these data are derived is 1,296. 
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FIGURE 1. Dual echocardiographic tracing of the 
tricuspid valve (top) and pulmonary vaive (bottom) 
with pulmonary arterial (PA) pressure recorded at 
cardiac catheterization. The electrocardiogram 
is displayed in the center. The interval between 
tricuspid valve closure and complete opening of 
the pulmonary valve represents the echocardio- 
graphic isovolumic contraction time (ICT) of 30 ms 
at a time when pulmonary arterial end-diastolic 
pressure (PA edp) is 8 mm Hg. 


especially in the higher ranges, in which the predicted 
value deviates unacceptably from the observed value. 
The limitations of the method for clinical practice are 
illustrated by the wide band of the 95 percent confi- 
dence limits. 

For clinical use, the method is best applied by means 
of a double dichotomous model (Fig. 4). When right 
ventricular isovolumic contraction time is found to be 
less than or equal to 25 ms, then the pulmonary arterial 
end-diastolic pressure is equal to or less than 18 mm Hg 
(p «0.006). However, for isovolumic contraction time 
values greater than 25 ms, no accurate prediction of 
pulmonary arterial end-diastolic pressure could be 
made. 'T'he p value for the complete dichotomous table 
is 0.005, confirming that there is a significant positive 
association between right ventricular isovolumic con- 
traction time and pulmonary arterial end-diastolic 
pressure. 

Relation between right ventricular *developed 
pressure" and isovolumic contraction time: The 
change in pressure during the right ventricular isovo- 
lumic contraction time is from right ventricular end- 
diastolic pressure to pulmonary arterial end-diastolic 
pressure (developed pressure) rather than from 0 to 
pulmonary arterial end-diastolic pressure. Because right 
ventricular end-diastolic pressure varies relatively little 
from one patient to another, changes in pulmonary ar- 
terial end-diastolic pressure usually reflect changes in 
developed pressure. However, when right ventricular 
end-diastolic pressure is elevated, as in right ventricular 
failure, developed pressure will be relatively lower than 
pulmonary arterial end-diastolic pressure. Accordingly, 
we plotted developed pressure against right ventricular 
isovolumic contraction time to see whether this could 
account for some of the failure of the latter interval in 
predicting pulmonary arterial end-diastolic pressure, 
but the results showed a poorer correlation than that 
between pulmonary arterial end-diastolic pressure and 
right ventricular isovolumic contraction time. 
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Reproducibility of echocardiographic mea- 
surements: Serial studies were performed in 16 patients 
in order to determine whether there was any variation 
in right ventricular isovolumic contraction time mea- 
sured with echocardiography alone compared with that 
measured during cardiac catheterization studies. We 
had expected that in general the echocardiographic 
isovolumic contraction time might be greater during 
cardiac catheterization, reflecting an increase in pul- 
monary arterial pressure, but there was no overall trend 
in either direction. 

Patients with pulmonary and coronary artery 
disease: Among patients with a diagnosis of chronic 
pulmonary disease, it was seldom possible to obtain 
satisfactory echoes from the right-sided valves. Among 
18 patients with chronic obstructive pulmonary disease 
and related problems who were screened before cathe- 
terization, it was possible to visualize the tricuspid but 
not the pulmonary valve in 7. In the other 11 of this 
group, it was impossible to record either valve satis- 
factorily. 

Similarly, in a group of 43 patients with coronary 
artery disease who were screened before catheterization 
and coronary arteriography, it was possible to record 
both valves in only 2 patients. In this group of patients, 
a large number had a long history of smoking and may 
have had an element of chronic bronchopulmonary 
disease. 


Discussion 


Theoretical background: The basic hypothesis that 
we have inyestigated is that right ventricular isovolumic 
contraction time can usefully reflect changes in right 
ventricular afterload. The preejection period has been 
shown to lengthen as pulmonary arterial pressure in- 
creases.? Echocardiography not only affords the op- 
portunity of measuring right-sided events of the cardiac 
cycle with considerable accuracy, but also allows dis- 
section of the preejection period into its two compo- 
nents, the electromechanical interval and isovolumic 
contraction time. Previous authors* investigating the 
noninvasive assessment of pulmonary hypertension by 
echocardiography in children have found the ratio of 
right-sided preejection period divided by the ejection 
time (RPEP/RVET) to be useful in anticipating the 
level of pulmonary arterial pressure. Although a ratio 
of less than 0.30 could be used to predict a pulmonary 
arterial end-diastolic pressure of less than 30 mm Hg, 
intermediate and higher ratios could not be used to 
quantitate reliably changes in pulmonary pressure. 

Because the end of right ventricular ejection, as 
marked by closure of the pulmonary valve, is very rarely 
recorded in adults, the methods mentioned earlier 
cannot be applied to an adult population. We therefore 
investigated the relation of early right ventricular sys- 
tolic time intervals to changes in pulmonary arterial 
end-diastolic pressure. We chose the right ventricular 
isovolumic contraction time rather than the preejection 
period because the latter includes both the electrome- 
chanical interval and the isovolumic contraction time. 
Of these two constituents of the preejection period only 
the isovolumic contraction time would be expected to 
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FIGURE 3. Predicted pulmonary arterial end-diastolic pressure (PAEDP) 
values with 95 percent confidence limits for each patient plotted against 
observed values (see text). 


reflect alterations in pulmonary arterial diastolic 
pressure. The simultaneity of pulmonary arterial 
pressure measurement and the recording of echocar- 
diographic intervals in our investigation restricted the 
number of patients available for study, but eliminated 
a possible source of inaccuracy that might result from 
fluctuations in pressure between the registrations of the 
systolic time intervals and the hemodynamic mea- 
surements. 

Echocardiographic measurement of right ven- 
tricular contraction time: Right ventricular isovo- 
lumic contraction time, when measured echocardi- 
ographically, is slightly different from that determined 
according to the conventional hemodynamic definition. 
The start of isovolumic contraction may be considered 
to be either the onset of right ventricular pressure up- 
stroke or the moment of tricuspid valve closure. In pa- 
tients with normal sinus rhythm, the tricuspid valve 
opens and then starts to close after atrial systole. The 
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FIGURE 4. The double dichotomy model relating isovolumic contraction 
time (ICT) to pulmonary arterial end-diastolic pressure (PAedp); numbers 
of patients are seen in each quadrant. Fisher p value against positive 
association — 0.005. 
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rapid closing motion imparted by the onset of ventric- 
ular contraction is not generally seen. However, in pa- 
tients with atrial fibrillation, the onset of ventricular 
contraction is reflected in the tricuspid valve echogram 
by a rapid closing motion after a pause of approximately 
25 ms.? Thus, the moment of tricuspid valve closure can 
more readily be recorded than the onset of right ven- 
tricular contraction and we have therefore elected to use 
this event to define the onset of isovolumic contrac- 
tion. 

The end of isovolumic contraction is marked by the 
opening of the pulmonary valve. We have found that the 
moment of initial cusp separation cannot be regularly 
recorded echocardiographically and is seen only occa- 
sionally in patients with dilatation of the pulmonary 
artery.!? It has been suggested that initial pulmonary 
valve opening can be estimated by the point at which 
the echogram of the valve cusp thins.? However, because 
thinning is a gradual process, we found this method to 
be subject to the opinion of the observer and therefore 
we chose the point of full opening of the pulmonary 
valve to mark the end of isovolumic contraction. An 
inevitable disadvantage of this definition is that varia- 
tions in the rate of opening of the pulmonary cusps will 
affect echocardiographic isovolumic contraction time. 
Recent experimental studies!! suggest that there is a 
complex relation between rate of opening of the pul- 
monary cusps and the individual components of the 
right heart hemodynamics. 

The use of two transducers simultaneously in a 
system of dual echocardiography? permits direct 
measurement of the interval between the tricuspid C 
point and full opening of the pulmonary valve in the 
same cardiac cycle. In view of the potentially critical 
effect of brief differences in temporal measurements, 
this method has distinct advantages over sequential 


measurements of the interval from the Q wave in the 
electrocardiogram to the respective valvular events with 
subtraction as a second step in arriving at the right 
ventricular isovolumic contraction time. 

Clinical value of the method: With these factors in 
mind we examined the relation between right ventric- 
ular isovolumic contraction time measured directly from 
the movements of the tricuspid and pulmonary valves 
and pulmonary arterial end-diastolic pressure. Our 
observations confirm those of Curtiss et al? who, in 
measuring right ventricular isovolumic contraction time 
from hemodynamic data, found that the relation be- 
tween the two variables is not linear. In particular, a long 
isovolumic contraction time may be found with both 
elevated and normal pulmonary arterial pressures and 
the 95 percent confidence limits for predicting pulmo- 
nary arterial pressure are too great for the method to be 
of clinical value. These findings cannot be accounted for 
either by the effect of heart rate or by the postulation 
that right ventricular isovolumic contraction time would 
be a better predictor of right ventricular developed 
pressure. However, the method may be of limited clin- 
ical use in that a right ventricular isovolumic contraction 
time of less than 25 ms was found only with a normal 
pulmonary arterial pressure. Unfortunately, in patients 
with chronic lung disease, in whom it would be partic- 
ularly helpful to know the pulmonary arterial pressure, 
the method has limited application because of the dif- 
ficulties in visualizing the right-sided valves. Therefore, 
in view of both the wide range of pressures occurring 
with right ventricular isovolumic contraction times of 
longer duration and the technical problems associated 
with the method, the echocardiographic estimation of 
right ventricular systolic time intervals cannot be rec- 
ommended as a routine method for the prediction of 
pulmonary arterial pressure in adults. 
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An inexpensive method for obtaining simultaneous echograms from two 
or more cardiac areas is described. The measurement of systolic and 
diastolic time intervals, the identification of various auscultatory findings 
and the diagnosis of some valvular lesions are among the uses of such 
a technique. 


Echocardiography is a routine diagnostic procedure in the evaluation 
of the patient with cardiac disease. In addition, it has proved useful in 
the study of normal and abnormal cardiac physiology. M mode echo- 
cardiography has been used to reveal the temporal relations of valve and 
wall motion, acoustic events, noninvasive variables and pressure and flow 
phenomena. Such study requires the simultaneous recording of infor- 
mation from the phonocardiogram, apexcardiogram, carotid arterial or 
jugular venous pulse tracings or data obtained during intravascular 
catheterization. 

Unfortunately, M mode echocardiography is limited in that it can be 
used to analyze only one dimension over time. Therefore, structures not 
lying within the path of a single ultrasonic probe cannot be observed 
simultaneously. In an attempt to overcome this limitation, Mills et al.-? 
reported their experience with “dual echocardiography.” This technique 
utilizes two transducers, each connected to an individual echocardio- 
graphic channel. The outputs from the two echocardiographs are then 
displayed in a single printout. Simultaneous recording of the tricuspid 
and mitral valve echograms allowed these authors to study the genesis 
of the components of the first heart sound.! They also used the technique 
to describe the relation between aortic and mitral valve movements in 
conditions such as severe aortic insufficiency with premature mitral valve 
closure? and to investigate the origin of ejection clicks.? 

The technique is useful in many other clinical situations, but requires 
a significant expenditure for equipment. We report a simplified and 
inexpensive technique for recording the same information. 


Method 


The input from each of two equal frequency, equal focus transducers is fed 
through a T piece connector (BNC connector 39F068, Amphenol North America, 
Bunker Ramo Corporation, Broadview, Illinois; price $4.22) (Fig. 1). The signals 
are then carried through one channel into a single echocardiograph and printout. 
This eliminates the need for a second echocardiographic channel, yet allows the 
recording of echocardiographic events from two areas at once. The technique 
still requires two operators and the occasionally superimposed images may be 
separated by slight changes in angulation of the individual transducers. The il- 
lustrations in this report were obtained using two 2.25 megahertz nonfocused 
transducers. The echocardiographs used include the Electronics for Medicine 
echocardiograph, the Ekoline 20-A echocardiograph and the Picker 80-C 
Echoview. 
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FIGURE 1. The T piece connector for the two transducers. 


Results 


Thirty-eight patients with various cardiac conditions 
were studied. A single channel dual echocardiogram 
could be recorded from each patient from whom an 
adequate M mode study was obtained (36 of 38 pa- 
tients). We did not encounter interference when using 
this technique. By recording initially from each single 
transducer, the potential difficulty in interpretation 
caused by superimposition can be eliminated. Several 
examples follow. 

Systolic and diastolic time intervals: One use of 
single channel dual echocardiography is in the assess- 
ment of systolic and diastolic time intervals. The ac- 
curate measurement of the isovolumic contraction, 
isovolumic relaxation and ejection and preejection pe- 
riods is simplified when the movements of the aortic and 
mitral valves are seen during the same cardiac cycle. 









P 


This is especially true in patients with atrial fibrillation 
or other irregular rhythms (Fig. 2). In addition, right 
ventricular time intervals can be obtained. This method 
eliminates the error introduced into the calculation of 
systolic time intervals by the physiologic delay in the 
carotid arterial pulse tracing relative to cardiac events. 
Therefore, the preejection period is measured directly 
rather than derived by subtraction of the left ventricular 
ejection time from the Q-S; interval. Also, the less re- 
liable and frequently irreproducible data from the 
apexcardiogram are no longer necessary to determine 
the time intervals of isovolumic contraction and relax- 
ation. 

Simultaneous aortic and mitral valve motion: 
Figure 3 illustrates the simultaneous recording of the 
aortic and mitral valve echocardiograms from a patient 
with mitral stenosis. Aortic valve closure and the peak 
mitral valve opening are clearly visualized. The time 
period between these events is the echocardiographic 
correlate of the S5-OS interval. Moreover, the period 
from the Q wave to mitral valve closure is the echocar- 
diographic equivalent of the Q-S; interval. The Wells 
index (Q-S; — Se-OS) can be accurately calculated for 
the noninvasive evaluation of the severity of mitral 
stenosis.* 

Simultaneous tricuspid and mitral valve motion: 
As a final example, the single channel dual echocardi- 
ogram of a patient with Ebstein’s anomaly is presented 
in Figure 4. The mitral and tricuspid valve echoes are 
displayed simultaneously. The delayed tricuspid valve 
closure typical of this syndrome coincides with the loud 
second component of the first heart sound, as recorded 
in the phonocardiogram. As pointed out by Mills and 
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FIGURE 2. Single channel dual echocardio- 
gram recording the aortic valve (AoV) and the 
mitral value (MV) simultaneously in a patient 
with atrial fibrillation. The electrocardiogram 
(ECG), phonocardiogram (PCG) and carotid 
pulse tracing (CPT) are also shown. The first 
vertical line marks mitral valve closure (MC) 
and the first broken line marks aortic valve 
opening (AO). The interval between the two is 
the isovolumic contraction period. The second 
broken line denotes aortic valve closure (AC) 
and the second solid line mitral va've opening 
(MO). The interval between these is the iso- 
volumic relaxation period. 
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FIGURE 3. Single channel dual echocardiogram simultaneously recording the aortic (Ao) and mitral (MV) valves in a patient with mitral stenosis 
and atrial fibrillation. ac = aortic valve closure; ao = aortic valve opening; ECG = electrocardiogram; mc = mitral valve closure; mo = mitral valve 
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FIGURE 4. Single channel dual echocardiogram simultaneously recording the mitral valve (MV) and tricuspid valve (TV) in a patient with Ebstein's 
anomaly. The interval from mitral valve closure (MC) to tricuspid valve closure (TC) is 105 ms, diagnostic of this condition. Also displayed are the 
electrocardiogram (ECG) and two phonocardiograms (PCG). The upper phonocardiogram is recorded from the mitral area (MA) and the lower from 
the tricuspid area (TA). M,-T, Int. = interval between mitral and tricuspid valve closure; msc = milliseconds; SM = systolic murmur. 
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Craige,’ these data allow the differentiation of this early 
systolic sound from ejection and nonejection clicks. 
Because the finding of an interval of greater than 65 ms 
between mitral and tricuspid valve closure is said to be 
pathognomonic of Ebstein's anomaly, the echographic 
diagnosis is facilitated by the simultaneous recording 
of the mitral and tricuspid valve echoes.? 


Conclusion: The multiple uses of dual echocardi- 
ography are well described in previous reports.!-? Uti- 
lizing a simple T piece connector, one can readily modify 
all commercially available echocardiographs for dual 
echocardiography at a cost of only several dollars. 
Therefore, the technique is readily available to all 
echocardiographers. 
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ThinLith. The original thin, lightweight 
acemaker that continues to set standards for the 
idustry, worldwide. Since mid-1977, when Intermedics 
ioneered the thin pacemaker, many competitors have 
lowed with their own versions. 


TERMEDICS PULSE GENERATORS 

DICATIONS FOR USE Implantable cardiac pulse generators may be indicated for 
ig-term treatment of impulse formation and conduction disorders resulting in symp- 
natic bradyarrhythmias, tachyarrhythmias, and heart block unresponsive to drug 
apy. 

IECAUTIONS Implanted pacemakers have a finite and relatively wide variable ser- 


e life as a result of factors such as the initia! capacity of the battery and the shelf stor- 


e time of the manufactured pacemaker; variations in electrode system resistances, 
mulation rate, and the percentage of time the implanted pacemaker is inhibited: and 


But while they were playing catch-up, the 
ThinLith pacemaker was acquiring a 3-year record of 
real time clinical experience in vivo. No other thin 
pacemaker commercially available in the U.S. today 
can match this record. 


Pacemaker operation can be influenced by electric, magnetic, or electromagnetic 
energy mimicking normal cardiac activity. In addition, certain environmental sources 
can couple sufficient energy into a pacemaker system to damage the pulse generator. 
Specifically, diathermy should not be used on pacemaker patients because of possible 
total inhibition of the pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fibrillation; defibrillation can 
Gamage the pacemaker, and the presence of the pacemaker may cause increased 
cardiac muscle damaae from defibrillation. Certain electrical and aasoline-nowered 
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to vou with stimulation rates from 60 to 100 ppm and a 
universal connector which accepts most pacing leads 
without an adapter. 

For more information, contact your Intermedics 
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The M-101 Echocardiograph system gives you the time to examine 
2 extra patients per day and saves you at least 50% on paper costs. 


Here's how the M-101 saves you time . . . Our on board microprocessor gives computer-certain 
measurements and calculations in approximately one-fourth the normally required time. 


The result . . . A time saving that allows you to examine two additional patients per day without 
the need for overtime hours. 


Here's how the M-101 saves you money . . . The M-101 Image Freeze, used in conjunction with the 
microprocessor, greatly reduces paper usage without sacrificing diagnostic information. For example, 

M-101 gives you a 2-second M-mode image with all associated mathematical results printed out on a 
6-inch strip of chart paper. 
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costs of at least 5095. 


M-101 Echocardiograph . . . the system that saves you time and money: 
More studies per day with computer-certain accuracy at greatly reduced operating costs. 


- For Further Information Contact: 
ultrasound IPCO ULTRASOUND 
299 Boston Post Road, Port Chester, N.Y. 10573 


Phone: (914) 937-6500 Telex: 99-6575 





ADVERTISEMENT 


Recent Literature 


Implicates Quinidine in Raising 
Serum Digoxin Levels 


Evidence that serum digoxin concentra- 
tions are increased by concomitant treat- 
ment with quinidine has been reported by 
several investigators. Excerpts are pre- 
sented here. 


“After digoxin radioimmunoassay became avail- 
able...we noticed that serum digoxin concentra- 
tions rose, often markedly, when quinidine was 
administered to stable patients receiving digoxin. 
Our retrospective study...investigates this impor- 
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"Tt is of interest that the most dangerous cardiac 


side effect of quinidine, syncope, has occurred pri- 
marily in patients treated with both quinidine and 
digoxin . In retrospect it appears likely that their 
serum digoxin levels were elevated.... 

“The extent of the serum digoxin elevation 
depends on the dosage of quinidine. In our studies 
...the usual therapeutic dose (1000 mg per day) 
led to a 2.5-fold increase in the digoxin concentra- 
tion within four to six days." 


—From Doering, W.: Quinidine-Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical 
Implications, N. Engl. J. Med. 30/:400—404, 1979. 


tant interaction between quinidine and digoxin and | « Leah ey et al....showed intensification of typical 


demonstrates that quinidine administration causes 
an increase in plasma digoxin concentration. 
In addition, our findings suggest that some of the 
toxicity previously attributed to quinidine may 
actually represent quinidine-induced digitalis 
toxicity." 

—From Reiffel, J. A., and others: A Previously Unrec- 


ognized Drug Interaction Between Quinidine and 
Digoxin, Clin. Cardiol. 2:40-42, 1979. 


“The present study has shown a consistent change 
in the disposition of digoxin in the presence of 
quinidine, suggesting that this interaction may be 
extremely common. ... Digoxin toxicity appears to 
be enhanced in the presence of quinidine, and 
therefore a decrease in digoxin dosage is suggested 
when the drugs are given concurrently. Frequent 
assessment of the plasma concentration of digoxin 
and careful attention to the clinical symptoms of 
toxicity are suggested when the two drugs are 
given in combination." 


—From Hager, W. D., and others: Digoxin-Quinidine 
Interaction: Pharmacokinetic Evaluation, N. Engl. J. 
Med. 300:1238-1241, 1979. 


“All 12 patients showed a rise in plasma digoxin 
concentrations when quinidine was given (mean 
value 1.1 nmol/1 (0.85 ng/ml) before quinidine, 
and 2.0 nmol/l (1.6 ng/ml) after quinidine). Five 
determinations of plasma digoxin were made in 
each patient after the start of quinidine treatment. 
One of the six patients whose plasma concentra- 
tions rose above the therapeutic range on one or 
more occasions developed symptoms of digitalis 
intoxication." 


—From Ejvinsson, G.: Effect of Quinidine on Plasma 
Concentrations of Digoxin, Br. Med. J. 7:279-280, 1978. 
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digitalis effects in the ECG when quinidine was 
given. In one patient the serum digoxin concentra- 
tion increased from 2.2 to 4.1 ng per milliliter 
during quinidine treatment, the ventricular rate in 
atrial fibrillation decreased markedly, and ven- 
tricular premature contractions appeared. In a 
second patient the doses of quinidine and digoxin 
were altered such that the serum digoxin con- 
centration fluctuated over a wide range; the PR 
interval rose and fell in parallel with the changes 
in serum digoxin concentration. In a third patient, 
non-paroxysmal atrioventricular junctional tachy- 
cardia developed as the serum digoxin concen- 
tration increased during quinidine therapy. ... Thus, 
there is some evidence that adverse gastroin- 
testinal and cardiac effects of digoxin occur when 
the serum digoxin concentration increases as a 
result of simultaneous quinidine treatment. ... 

"Do other antiarrhythmic drugs cause a sim- 
ilar increase in serum digoxin concentration? 
Doering examined the serum digoxin concentra- 
tion before and after administration of several 
antiarrhythmic drugs, including two drugs that are 
currently used in the United States, lidocaine 
(three cases) and disopyramide (four cases). None 
of the drugs caused an increase in serum digoxin 
concentration." 


—From Bigger, J. T., Jr.: The Quinidine-Digoxin Inter- 
action: What Do We Know About It?, N. Engl. J. Med. 
301:779-781, 1979. 


From what has appeared in the literature concern- 
ing the elevation of digoxin levels with concomitant 
quinidine use and reported lack of elevation of 
digoxin levels with concomitant Norpace® use,’ ^ it 
would appear that Norpace (disopyramide phos- 
phate) should be a logical alternative to quinidine. 


Please see the next page for a brief summary of prescribing information. 





NOPPace 
(disopyramide phosphate) 


a logical therapeutic choice 


Before prescribing Norpace (disopyramide phosphate), please con- 
sult current complete prescribing information, a summary of which 
follows: 


Indications: For suppression and prevention of recurrence of the 
following cardiac arrhythmias when they occur singly or in com- 
bination: unifocal premature (ectopic) ventricular contractions; pre- 
mature (ectopic) ventricular contractions of multifocal origin; paired 
premature ventricular contractions (couplets); and episodes of ven- 
tricular tachycardia (persistent ventricular tachycardia is ordinarily 
treated with D.C. cardioversion). 

Norpace is equally effective in both digitalized and nondigitalized 
patients. It is also equally effective in treating primary cardiac ar- 
rhythmias and those which occur in association with organic heart 
disease including coronary artery disease. Oral Norpace has not 
been adequately studied in patients with acute myocardial infarc- 
tion or with persistent ventricular tachycardia or atrial arrhythmias 
and is not indicated for arrhythmias due to digitalis intoxication. The 
value of antiarrhythmic drugs in preventing sudden death in pa- 
tients with serious ventricular ectopic activity has not been estab- 
lished. 


Contraindications: Carciogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 


Warnings: Norpace may cause or worsen congestive heart 
failure (CHF) or produce severe hypotension as a conse- 
quence of its negative motropic properties. Hypotension has 
been observed primarily with primary cardiomyopathy or in- 
adequately compensated CHF Norpace should not be used in 
patients with uncompensated or marginally compensated 
CHF or hypotension unless the condition is secondary to 
cardiac arrhythmia. Patients with a history of heart failure 
may be treated with Norpace, but careful attention must be 
given to maintaining cardiac function, including optimal dig- 
italization. If hypotension occurs or CHF worsens, Norpace 
should be discontinued and, if necessary, restarted at a 
lower dosage only after adequate cardiac compensation has 
been established. Norpace should be discontinued if signif- 
icant widening (greater than 25%) of the QRS complex oc- 
curs. Prolongation of the Q-T interval (corrected) and wors- 
ening of the arrhythmia may occur. Patients who have evi- 
denced prolongation of the Q-T interval in response to 
quinidine may be at particular risk. If Q-T prolongation 
greater than 25% is observed and if ectopy continues, the 
patient should be monitored closely, and discontinuation of 
Norpace considered. In rare instances significant hypogly- 
cemia has been reported during Norpace therapy. The con- 
comitant use of Norpace with other Type 1 antiarrhythmic 
agents should be reserved for patients with life-threatening 
arrhythmias who are demonstrably unresponsive to single 
agent antiarrhythmic therapy. Such use may produce serious 
negative inotropic effects, or may excessively prolong con- 
duction. Patients receiving more than one antiarrhythmic 
drug must be carefully monitored. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the block persists, continuation of 
Norpace must depend upon an assessment of benefit versus 
risk, Development of second- or third-degree AV block or 
uni-, bi- or trifascicular block requires discontinuation of 
Norpace, unless the ventricular rate is adequately controlled 
by a pacemaker. 

Because of its anticholinergic activity, Norpace should not 
be used in patients with glaucoma, myasthenia gravis or uri- 
nary retention, unless adequate overriding measures are 
taken. 


Precautions: Patients with atrial flutter or fibrillation should be dig- 
italized prior to Norpace administration to ensure that drug-induced 


enhancement of AV canduction does not allow a ventricular rate 
beyond physiologically acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick 
sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of 
Norpace. 

Norpace dosage should be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully moni- 
tored for signs of overaosage. 

Antiarrhythmic drugs may be ineffective in patients with 
hypokalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy 

Safe use in pregnancy has not been established. Disopyramide 
has been found in human fetal blood. Norpace has been re- 
ported to stimulate contractions of the pregnant uterus. Use 
of Norpace in preanant women requires that the potential benefit 
be weighed against possible hazards to the fetus. 

Following oral adminrstration, disopyramide has been found in 
human milk at a concentration not exceeding that in plasma. If use 
of the drug is deemed essential, an alternate method of infant feed- 
ing should be instituted 

Effects of Norpace on the fetus during delivery or on the course 
of labor and delivery are unknown. 

Safety and effectiveness of Norpace in children have rot been 
established. 


Adverse Reactions: Dry mouth, urinary hesitancy, constipation, 
blurred vision, dry nose/eyes/throat, urinary retention, urinary 
frequency and urgency, 'mpotence, nausea, pain/bloating”’gas, 
anorexia, diarrhea, vomiting, nervousness, dizziness, general 
iatigue/muscle weakness, headache, malaise, aches/pains, 
hypotension, congestive heart failure, cardiac conduction distur- 
bances, edema/weight gain, shortness of breath, syncope, chest 
pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
cholesterol/triglycerides, depression, insomnia, dysuria, 
numbness/tingling, elevated liver enzymes, AV block, elevated 
BUN, elevated creatinine, decreased hemoglobin/hematocrit, and 
hypoglycemia. Acute psychosis, cholestatic jaundice, and agran- 
ulocytosis, all three reversible, have been reported. 


Dosage and Administration: Dosage must be individualized on 
the basis of response and tolerance. The usual adult dosage is 400 
to 800 mg per day given in divided doses four times daily. The rec- 
ommended dosage schedule for most adults is 150 mg every six 
hours. For patients less than 110 pounds (50 kg) the recommended 
aosage is 100 mg every six hours. 

If rapid control of arrhythmia is essential, an initial loading dose of 
300 mg of Norpace (200 mg for patients less than 110 pounds) is 
recommended. For patients with cardiomyopathy or possible car- 
diac decompensation, a loading dose should not be given and the 
initial dose limited to 100 mg every six hours, with subsequent 
dosage adjustments maae gradually with close monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg oi 
drsopyramide base. o 
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The technique, indications and results of surgical division of accessory 
atrioventricular connections in 10 infants and children with drug-resistant 
supraventricular tachycardia are described. The patients ranged in age 
from 6 months to 15 years. Four patients had associated congenital heart 
disease. Division of accessory connections were performed on free wall 
pathways in nine patients (seven right atrial, two left atrial) and on a septal 
pathway in one patient. Four patients had both anterograde and retrograde 
conduction over the accessory connection (manifest Wolff-Parkinson- 
White conduction) whereas six had only retrograde conduction (concealed 
Wolff-Parkinson-White conduction). The manifest Wolff-Parkinson-White 
conduction was abolished by surgical division in all four patients. In 8 of 
the 10 patients the procedure stopped the attacks of paroxysmal supra- 
ventricular tachycardia for follow-up periods ranging from 9 months to 
3 1/2 years; no patient receives medication to date. 


Supraventricular tachycardia in infants and children, whether or not 
associated with the Wolff-Parkinson-White syndrome, usually can be 
controlled by standard medical treatment.! Among the patients whose 
arrhythmia is difficult to control, more than 50 percent have either a 
manifest or concealed accessory atrioventricular muscle bundle.?? 
Surgical division of these accessory connections usually prevents re- 
currences of the supraventricular tachycardia.* Gallagher et al.* reported 
94 percent and 72 percent success rates, respectively, with operation on : 
free wall and septal pathways in the adult. In this report we describe 
the results in the first 10 consecutive pediatric patients who underwent 
division of an accessory connection at this institution. 


Methods 


Patients: Operation was performed on 10 patients between July 1976 and June 
1979. The 10 patients ranged in age from 6 months to 15 years. Each patient had 
multiple documented episodes of supraventricular tachycardia. 

Criteria for division of accessory connection: Nine patients met both of 
the following criteria: (1) symptomatic recurrent supraventricular tachycardia 
resistant to medical treatment; and (2) identification by electrophysiologic 
studies of an accessory atrioventricular (A-V) connection participating in the 
reentry circuit of the supraventricular tachycardia. 

One patient met the following criterion: rapid ventricular response to atrial 
fibrillation with short refractory period of the accessory connection uninfluenced 
by medical management. 

Protocol for evaluation and surgical division of accessory connections 
in the young: Each patient was studied preoperatively with intracardiac elec- 
trophysiologic studies using previously described techniques.?»9 This type of 
study requires nine isolated electrical channels in a photographic recorder and 
the insertion of four electrode catheters. The average duration of a study is 4 
hours. The procedure included standard hemodynamic and angiographic studies 
after the electrophysiologic measurements, sufficient to identify or exclude as- 
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sociated structural heart disease. The electrophysiologic 
studies were performed before angiography in each patient, 
but both types of study were accomplished at the same cath- 
eterization. 

The objectives of the electrophysiologic study were to de- 
termine: (1) the presence or absence of an accessory connec- 
tion; (2) the anterograde and retrograde properties of the ac- 
cessory connection; (3) the anatomic location of the accessory 
connection; (4) the participation of the accessory connection 
in the reentry circuit during tachycardia; and (5) the elec- 
trophysiologic effects of one or more antiarrhythmic drugs on 
the accessory connection. 

Surgical protocol: On the day of operation the patient was 
premedicated and anesthetized in the usual manner for car- 
diac surgery in our institution. A peripheral arterial and an 
internal jugular cannula were inserted percutaneously. Two 
sets of electrocardiographic leads (eight electrodes) were at- 
tached to the limbs. One set was used for the standard monitor 
and one set for the mapping equipment. Care was taken to 
ground the patient and eliminate all 60 hertz electrical in- 
terference. A midline sternotomy was performed and the 
patient cannulated for cardiopulmonary bypass. Two small 
electrode wires were sutured to the atrium near the suspected 
site of the accessory connection and two additional wires were 
sutured to the anterior surface of the ventricle near the site 
of the accessory connection. If supraventricular tachycardia 
developed during preparation, conversion was accomplished 
by overdrive pacing or, if the tachyarrhythmia was well tol- 
erated, conversion was not attempted. No drugs were given 
to stop the supraventricular tachycardia. 

The site of the accessory connection was determined as 
described for adults9 using a commercially available mapping 
probe or a hand-built ring electrode. In locating the accessory 
connection we were guided by the principle that, with antero- 
grade conduction through the accessory connection, the first 
area of the ventricle activated lies adjacent to the ventricular 
end of the accessory connection. During retrograde conduction 
resulting from either supraventricular tachycardia or ven- 
tricular pacing, the site in the atrium first activated should 
be adjacent to the atrial end of the pathway. 

One to three surface electrocardiographic leads together 
with the atrial and ventricular reference electrograms and 
the electrogram from the exploring probe were displayed on 
an Electronics for Medicine VR-6 oscillographic recorder and 
recorded on photographic paper that was stored in a cassette 
for later development. The electrograms were displayed si- 


TABLE | 
Summary of Cases 


multaneously on a Tektronix storage oscilloscope that dis- 
played the output of the VR-6 recorder. The time base of the 
Tektronix was calibrated so that measurements could be made 
accurately from the screen. During sinus rhythm or atrial 
pacing the interval between the ventricular reference and the 
ventricular exploring probe was measured at each site. During 
supraventricular tachycardia or ventricular pacing the interval 
from atrial reference to the exploring atrial electrozram was 
measured. If an exploring electrogram was earlier than the 
reference it was recorded as a negative number. If supraven- 
tricular tachycardia failed to occur spontaneously it was in- 
duced by rapid atrial pacing or premature atrial stimulation 
using a Medtronic 5325 programmable pacemaker. 

Cardiopulmonary bypass was instituted when the site of 
the accessory connection was localized. The aorta was cross- 
clamped and cold, high potassium cardioplegia solution was 
instilled through a needle placed in the aortic root. The atrium 
containing the accessory connection was incised and the sus- 
pected area of the accessory connection was transected from 
endocardium to epicardium. The epicardial fat was dissected 
bluntly to avoid damage to the coronary artery and vein. A 45? 
to 210? arc was made around the atrioventricular valve, just 
above the fibrous anulus. The transected area was then su- 
tured using a running stitch. The atrium was closed, air 
evacuated and the aortic clamp released. When the heart re- 
sumed function, cardiopulmonary bypass was discontinued, 
but the cannulas were left in place. Anterograde and retro- 
grade mapping was then repeated to ensure that the accessory 
connection had been divided and no additional accessory 
connection persisted. Associated cardiac defects were repaired 
during the same operation. The cannulas were removed and 
the atrial and ventricular wires left in place and exteriorized 
through separate stab wounds in the anterior chest wall. 

Postoperative management: The patient remained in the 
intensive care unit for 24 to 48 hours and was transferred to 
the ward. Telemetric monitoring was continued for several 
days and one or more ambulatory 24 hour electrocarciograms 
were recorded before discharge of the patient from the hos- 
pital. No antiarrhythmic medications were given. except 
digitalis when indicated for other reasons subsequent to repair 
of an associated congenital heart defect. The pacing wires were 
removed just before discharge. 


Results 


Operative and postoperative results: The patients' 
age, type of associated congenital heart defect, ar- 





Age 
Case (yr) Indication 

1 9 PSVT, VSDs 
2 14 PSVT, Ebstein's anomaly 
3 1/2 PSVT 
4 9 PSVT 
5 12 Atrial fibrillation 
6 3 PSVT 
7 1 1/4 PSVT, ECD 
8 15 PSVT, VI 
9 12 PSVT 

10 3 PSVT 


Results 
Follow-Up 
Site WPW PSVT (mo) 

Rt post (A-R) No No CVA, died 
Rt ant (A-R) No No 43 
Rt ant (R) — No 19 
Rt ant (R) c No 18 
Lt post (A-R) No No 17 
Rt ant (R) — No 17 
Lt post (A-R) No No 12 
Post-sept (R) — Yes 11 
Rt ant (R) — No 10 
Rt lat (R) -— No 9 


A = anterograde conduction through the accessory connection; ant = anterior; CVA = cerebrovascular accident; ECD = complete form of en- 
docardial cushion defect; lat = lateral; Lt = left; Post = posterior; PSVT = paroxysmal supraventricular tachycardia; R = retrograde conduction 
through the accessory connection; Rt = right; sept = septal; VI = ventricular inversion and l-transposition of the great arteries; VSDs = multiple 


ventricular septal defects; WPW = Wolff-Parkinson-White syndrome. 
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rhythmia and accessory connection and the results of 
operation are listed in Table I. It was possible to record 
a complete atrial map during supraventricular tachy- 
cardia in each patient except the one with atrial fibril- 
lation and one in whom the accessory connection was 
accidently traumatized with the probe early in the 
procedure (Fig. 1). In the four patients with anterograde 
accessory connection conduction it was possible to 
record a complete anterograde ventricular map during 
sinus rhythm or atrial pacing. The accessory connection 
was found to be in the right atrial free wall in seven 
patients, left atrial free wall in two and within the sep- 
tum in one. Four patients had both anterograde and 
retrograde conduction and six had only retrograde 
conduction. Eight of the 10 patients had complete relief 
from their arrhythmia as well as abolition of surface 
electrocardiographic signs of the accessory connection 
for follow-up periods ranging from 9 months to 3 1/2 
years. 

One patient with ventricular inversion, l-transposi- 
tion of the great arteries, a mild form of Ebstein's 
anomaly of the tricuspid valve and a posterior septal 
accessory connection had no modification of the 
tachyarrhythmia. At catheterization electrophysiologic 
studies, the orifice of the coronary sinus was activated 
earliest during supraventricular tachycardia. The left 
atrium, as recorded from the distal coronary sinus, was 
activated later than the mouth of the coronary sinus. 
This patient, whose parents refused blood transfusion 
because of their religion, had three periods of cardio- 
pulmonary bypass totaling 90 minutes using hemodi- 
lution. Although the retrograde conducting septal ac- 
cessory connection had not been divided, it was decided 
not to enter the left atrium because it would further 
prolong bypass time. The patient tolerated the opera- 


RA ref. LAA-96 msec. 
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FIGURE 1. Representative tracings 
from four sites in the atria of a patient 
with a right anterolateral accessory 
connection during reciprocating su- 
praventricular tachycardia. Shown are 
surface leads (L) | and III, the right atrial 
(RA) and right ventricular (RV) refer- 
ence (ref.) electrograms and the ex- 
ploring electrogram. Each electrogram 
is a bipolar recording with interelec- 
trode distances of 1 to 3 mm. 
Frequencies below 30 hertz and above 
250 hertz were filtered out for the epi- 
cardial electrograms. Frequencies 
above 100 hertz were filtered out of the 
surface leads. The dark vertical lines RA ref. 
represent the points measured to de- | 
termine atrial activation. The light 
vertical lines are 1 second time lines. 
LAA = left atrial appendage; RAA = 
right atrial appendage; msec = milli- RV 
seconds; RA ant lat. = right atrial an- 

terior lateral wall; RA lat. = right atrial 

lateral wall. 


E 


I RA ref. RA lat. =-Smsec. 


tive procedure well and the early postoperative supra- 
ventricular tachycardia was controlled by repeated 
overdrive atrial pacing. In the 10 months since operation 
the recurrences of supraventricular tachycardia are 
unchanged from the preoperative condition. 


The 10th patient had closure of multiple ventricular 
septal defects with one large Dacron? patch placed over 
the left septal surface. This patient died 10 days post- 
operatively from a massive stroke that was believed to 
represent embolization from the patch. Permission for 
autopsy was not granted. 


Discussion 


Medical versus surgical management: Our results 
indicate that surgical treatment prevents recurrences 
of supraventricular tachycardia due to accessory con- 
nection in most infants and children in whom phar- 
macologic treatment is ineffective. This is currently true 
only for those with an accessory A-V connection that is 
anatomically separate from the bundle of His and A-V 
node. If an accessory connection is present, but ana- 
tomically contiguous with the normal conduction sys- 
tem, complete A-V block will result from division of the 
accessory connection and a ventricular pacemaker will 
likely be required. This approach would be used only 
in patients with life-threatening tachyarrhythmias. 
Approximately 50 percent of the infants with supra- 
ventricular tachycardia have been found to have the 
Wolff-Parkinson-White syndrome if several electro- 
cardiograms are taken or if ambulatory electrocardio- 
graphic monitoring is performed.? Other patients will 
have concealed accessory connections that can only be 
found with intracardiac recording.?? Thus in a large 
proportion of patients with supraventricular tachy- 
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cardia in infancy and childhood the arrhythmia is po- 
tentially curable..Only a very small portion of these 
patients will require surgical management, because in 
some patients with Wolff-Parkinson-White syndrome 
recurrences of supraventricular tachycardia stop 
spontaneously and in many other patients it is con- 
trolled medically.! The reason for the spontaneous cure 
in many infants with supraventricular tachycardia and 
Wolff-Parkinson- White syndrome is the frequent fail- 
ure of accessory connections to function with maturity.? 
Thus, medical management should be pursued vigor- 
ously in infants. 

Preoperative catheterization and electrophysi- 
ologic study: To decide which patients may benefit 
from surgical division of an accessory connection, a 
preoperative cardiac catheterization is essential to de- 
termine (1) the location of the accessory connection 
(free wall accessory connections are considerably easier 
to divide and carry less risk of damaging the normal 
conduction system)*; (2) whether the accessory con- 
nection is part of the reentry circuit?$; (3) the presence 
of more than one accessory connection.® Careful re- 
cording of the atrial activation sequence during several 
episodes of induced supraventricular tachycardia, as 
well as ventricular pacing, is helpful in this regard. Atrial 
stimulation from multiple left and right atrial sites may 
help demonstrate multiple accessory pathways by un- 
masking different QRS configurations; (4) the func- 
tional properties and response to antiarrhythmic drugs 
of the accessory connection ?? (for example, finding an 
accessory connection with a short anterograde refrac- 
tory period that does not lengthen with procainamide 
in a patient with documented atrial fibrillation would 
make division more mandatory?); and (5) the presence 
of associated congenital heart defects. 

Cardiac mapping: Intraoperative mapping confirms 
the site of the accessory connection and identifies 
multiple accessory connections. Postoperative mapping 
ensures that all accessory connections have been divided 
and that retrograde as well as anterograde conduction 
has been ablated. At the postoperative study, the in- 


troduction of atrial extrastimuli proves whether or not 
such stimuli can induce supraventricular tachycardia. 

Indications for surgical treatment: In deciding to 
recommend cardiac surgery the cardiologist must weigh 
the potential risk against the likely benefit. Because the 
likelihood of death from supraventricular tachycardia 
or atrial fibrillation is low in childhood,! even in patients 
with Wolff-Parkinson-White syndrome, the effects of 
the arrhythmia on the quality of the patient's life must 
also be considered. Patients with the Wolff-Parkin- 
son-White syndrome and otlier congenital cardiac le- 
sions that require an open heart operation should be 
considered for division of the accessory connection at 
the same time. Several reports$.10-1? have documented 
a large incidence of supraventricular arrhythmia in 
patients with the Wolff-Parkinson-White syndrome 
immediately after open heart surgery if the accessory 
connection is not divided. Deaths have also been re- 
ported.5.1! 

With increasing favorable experience in surgical di- 
vision of accessory connections, the indications will be 
liberalized. These operations should be performed only 
in centers with a complete team of pediatric cardiolo- 
gists and cardiac surgeons with particular expertise in 
the management of these patients. 
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Addendum 


Since this manuscript was submitted for publication 
in November 1979, we have performed seven more 
surgical divisions of accessory atrioventricular con- 
nections in children: six were free wall pathways and one 
was a septal pathway. Six patients had complete relief 
from their arrhythmia and abolition of surface elec- 
trocardiographie signs of the accessory connection; one 
patient with a free wall pathway had no change from his 
preoperative condition. 
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Temporary Teflon-coated stainless steel wires were placed on the right 
atrium of 100 consecutive infants and children undergoing open heart 
surgery. The patients' ages ranged from 1 day to 17 years. The wires were 
used for diagnosis or treatment 40 times in 30 patients. Atrial electrograms 
were recorded 14 times to diagnose arrhythmias and conduction distur- 
bances that were unsuspected or misdiagnosed from the standard elec- 
trocardiogram. In 10 patients, atrial pacing was used to treat postoperative 
arrhythmias. Atrial pacing was also used as an adjunct to therapy in 16 
children with postoperative low cardiac output and bradycardia with intact 
atrioventricular conduction. The wires were removed before discharge 
and no complications resulted from their use. 

Previous studies have demonstrated the usefulness of temporary atrial 
wires after cardiac surgery in adults. This experience confirms that the 
technique is easy and safe and can be of great diagnostic and therapeutic 
value in children. | 


The placement of epicardial ventricular pacing wires at the conclusion 
of intracardiac surgery is common practice at most institutions. The 
wires can be used to pace the ventricles if bradyarrhythmias, heart block 
or low cardiac output occur postoperatively. Recently, some investiga- 
tors!-? have found that atrial electrodes provide diagnostic and thera- 
peutic advantages over ventricular electrodes during the immediate 
postoperative period. Atrial wires have been used postoperatively to 
diagnose and manage supraventricular and ventricular arrhythmias and 
to treat low cardiac output. Although the placement and use of atrial 
epicardial electrodes postoperatively have been well described, the di- 
agnostic and therapeutic applications in children have not been em- 
phasized. : 
Since 1976, it has been routine practice at our institution to place two 
wire electrodes on the right atrial epicardium of all children undergoing 
open heart surgery. This is done regardless of the preoperative rhythm 
and the nature of the underlying heart defect. This report describes our 
experience with atrial epicardial electrodes in the last 100 consecutive 
patients undergoing cardiac surgery with cardiopulmonary bypass. 


Methods 


Placement of right atrial wire electrodes: At the conclusion of cardio- 
pulmonary bypass, two Teflon®-coated stainless steel wire electrodes were se- 
cured to the right atrial epicardium of each patient. One wire was positioned high 
on the free wall of the right atrium near the sinus node and the other wire was 
placed 5 to 10 mm below the first, as described previously.’ In all patients, a wire 
electrode was also placed on the right ventricular epicardium. All wires were 
exteriorized through the anterior chest wall and encased in a nonconductive 
gauze dressing. 

Atrial recordings: Diagnostic atrial electrograms were recorded on a single 
channel, internally isolated electrocardiographic recorder at paper speeds of 
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25 and 50 mm/s. Conventional electrocardiographic tracings 
were recorded with the limb leads attached in the standard 
fashion. Unipolar atrial electrograms were recorded by se- 
curely attaching the V lead to one of the atrial wire electrodes 
and moving the lead selector to *V." Bipolar atrial electro- 
grams were obtained by detaching the arm leads from the 
patient, securing them to the atrial wires and moving the lead 
selector to lead I. Atrial electrograms were recorded to confirm 
arrhythmias or to diagnose postoperative rhythms that were 
not adequately delineated in standard electrocardiographic 
tracings. 

Atrial pacing: Pacing was accomplished by connecting 
both atrial electrodes to an isolated pulse generator (Grass 
SD9 or Medtronic 5320) so that impulses of 2 ms duration and 
2 to 4 mA could be delivered through the electrode closest to 
the sinus node. Bipolar stimulation from the high right atrium 
produced stimulus artifacts that did not distort the surface 
electrocardiogram and resulted in P waves of a normal mor- 
phologic pattern. 

The atrial and ventricular pacing wires were removed by 
traction 1 to 2 days before the patients were discharged. 


Results 


Study patients: Atrial pacing wires were utilized for 
diagnosis or treatment 40 times in 30 of the last 100 
patients studied. The patients ranged in age from 1 day 
to 17 years. In some patients, both diagnostic and 
therapeutic procedures were performed. The wires were 
also used for measuring sinoatrial conduction time and 
sinus nodal recovery time at the bedside during the 
immediate postoperative period. These data are de- 
scribed elsewhere.? In two patients, the wires could not 





FIGURE 1. A, standard lead Il (L2) from an 11 month old postoperative 
patient showing a regular ventricular rate of 88 beats/min and 
suggesting a rapid atrial rate with inverted P waves. B, nonsimultaneous 
unipolar atrial electrogram (AE) confirming atrial flutter with an atrial 
(a) cycle length of 170 ms, 4:1 A-V block and a ventricular (v) cycle 
length of 680 ms. C and D, continuous strips of lead Il showing atrial 
pacing at 500 impulses/min. With atrial capture (star), the ventricular 
rate is 125 beats/min. Discontinuation of pacing (arrow) interrupted 
the arrhythmia and resulted in a ventricular rate of 94 beats/min. All 
tracings were recorded at a paper speed of 25 mm/s. 


be removed easily and were retracted, clipped near the 
skin surface and allowed to slip beneath the skin. No 
infectious or mechanical complications resulted from 
their placement and use. 

Diagnosis of arrhythmias: Atrial electrograms were 
recorded 14 times to document and define arrhythmias 
or to determine the nature of a rhythm when it was not 
evident in standard electrocardiographic recordings. In 
most instances, atrial recordings were obtained because 
the standard electrocardiogram failed to provide ade- 
quate diagnostic information. The following diagnoses 
were established or confirmed with this technique: 
normal sinus rhythm, premature atrial or ventricular 
extrasystoles, paroxysmal supraventricular tachycardia, 
atrial flutter, atrial fibrillation, ectopic atrial tachy- 
cardia and Wenckebach atrioventricular (A-V) block. 

Atrial electrograms confirmed the presence of a 
sinus or sinus-like rhythm in two patients who under- 
went the Mustard procedure for transposition of the 
great arteries. Although surface electrocardiograms 
failed to demonstrate P waves, unipolar atrial electro- 
grams revealed atria! activity and a normal ratio of 1:1 
A-V relations in both patients. 

Atrial electrograms were useful in diagnosing or 
substantiating postoperative atrial flutter or parox- 
ysmal supraventricular tachycardia in seven patients 
(Fig. 1). After a Mustard operation, the surface elec- 
trocardiogram from an 11 month old infant revealed a 
regular ventricular rate of 88 beats/min and suggested 
a rapid atrial rate with inverted P waves in the inferior 
leads (Fig. 1A). A unipolar atrial electrogram confirmed 
the presence of atria! flutter with an atrial rate of 352 
beats/min and 4:1 A-V block (Fig. 1B). In another pa- 





FIGURE 2. A, postoperative lead | electrocardiogram (L1) suggesting 
paroxysmal supraventricular tachycardia. B, nonsimultaneous atrial 
electrogram (AE) documenting atrial (a) activity, which was twice as 
rapid as the ventricular (V) rate. C, after interruption of the atrial flutter, 
an atrial electrogram confirmed the restoration of 1:1 A-V conduction. 
All tracings were recorded at a paper speed of 25 mm/s. 
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FIGURE 3. Postoperative lead Il (L2) electrocardio- 
gram (top) from a 2 year old child shows an irregular 
ventricular rate with frequent widened QRS com- 
plexes and no observable P waves. The atrial elec- 
trogram (AE) (bottom) suggests that all beats were of 
atrial origin by showing atrial (a) activity preceding 
each QRS complex, even the aberrant ones. The rapid 
and irregular atrial rhythm with intermittant A-V con- 
duction suggests that ectopic atrial tachycardia is the 
underlying arrhythmia. Both tracings were recorded 
at a paper speed of 50 mm/s. 


tient (a 1 year old child), apparent paroxysmal supra- 
ventricular tachycardia occurred during the 1st post- 
operative day after repair of a ventricular septal defect. 
The standard electrocardiogram revealed a regular 
ventricular rate of 214 beats/min and no observable P 
waves (Fig. 2A). However, a bipolar atrial electrogram 
showed atrial flutter with an atrial rate of 428 beats/min 
and 2:1 A-V block (Fig. 2B). After interruption of the 
arrhythmia, the electrocardiogram and atrial electro- 
gram showed sinus rhythm and 1:1 A-V conduction (Fig. 
2C). 

An atrial electrogram confirmed the diagnosis of 
postoperative atrial fibrillation in one patient. This 
2 year old child had an irregular and chaotic supraven- 
tricular rhythm postoperatively. Recognizable atrial 
activity was absent from the standard electrocardio- 
gram. The diagnosis of atrial fibrillation was made on 
the basis of the atrial electrogram, which showed a rapid 
atrial rhythm, interatrial intervals that ranged from 140 
to 200 ms and variable A-V conduction. 

Atrial recordings were used to differentiate aberrant 
atrial from ventricular ectopic complexes in three 
patients. Figure 3 shows the surface electrocardiogram 
of a 2 year old child after repair of an atrial septal defect. 
It reveals an irregular rhythm, multiple widened and 
bizarre QRS complexes and no recognizable atrial ac- 
tivity. The atrial electrogram suggests an ectopic atrial 
tachycardia and documents the supraventricular origin 
of the widened beats by showing atrial activity pre- 
ceding each QRS complex. 

An atrial electrogram was used to confirm Wenck- 
ebach A-V block in a 6 month old infant (Fig. 4). 'The 
standard electrocardiogram suggested a Mobitz type I 
second degree A-V block, but P waves were evident only 
in the first complex of each series. The unipolar atrial 
recording confirmed the conduction defect by clearly 
showing progressive A-V conduction delays that even- 
tually resulted in nonconducted atrial activity. 

Treatment of arrhythmias: Atrial pacing was used 
26 times in successful treatment of postoperative ar- 
rhythmia or low cardiac output associated with 
bradycardia. In four patients, paroxysmal supraven- 
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tricular tachycardia or atrial flutter was interrupted 
after a brief period of rapid atrial stimulation. In each 
case, a sinus or sinus-like rhythm resulted and the 
tachyarrhythmia did not recur. Pharmacologic therapy 
was not required to terminate the arrhythmia or sustain 
a sinus rhythm in these patients. An example is shown 
in Figure 1. The patient had postoperative atrial flutter 
with 4:1 A-V block and a ventricular rate of 88 beats/ 
min, as demonstrated by the atrial electrogram. At a 
pacing rate of 500 impulses/min (cycle length 120 ms), 
the atria were captured (Fig. 1C). Cessation of pacing 
resulted in a ventricular rate of 94 beats/min. Despite 
the absence of recognizable P waves in the electrocar- 
diogram (Fig. 1D), an atrial electrogram confirmed that 
the arrhythmia was interrupted and showed a 1:1 A-V 
relation. 

Continuous atrial pacing was used in three children 
to treat recurrent or sustained tachyarrhythmias. 
Rhythms included ectopic atrial tachycardia, recurrent 
paroxysmal supraventricular tachycardia and recurrent 
atrial flutter. In each case, rapid atrial pacing (at rates 








FIGURE 4. Nonsimultaneously recorded electrocardiogram lead Il (paper 
speed 25 mm/s) and atrial electrogram (AE) (50 mm/s) from a 6 month 
old infant. The lead Il tracing suggests Wenckebach AV block, but 
recognizable atrial activity is evident only in the first complex of each 
group. The atrial electrogram confirms Wenckebach block by showing 
progressive prolongation of atrial (a) to ventricular (v) conduction times 
before each nonconducted atrial impulse. 
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of up to 700 impulses/min) was used to induce A-V 
block and to slow the ventricular response. Pacing was 
continued for periods of 30 minutes to 3 hours while 
appropriate pharmacologic therapy was instituted. In 
each case, pacing was started because of deteriorating 
hemodynamic status secondary to the tachyarrhythmia. 
An example is illustrated in Figure 5. This 2 year old girl 
had recurrent ectopic atrial tachycardia with ventricular 
rates up to 200 beats/min after repair of a secundum 
atrial septal defect (Fig. 5A). Because the rhythm 
compromised cardiac output, rapid atrial pacing was 
begun. At a pacing rate of 632 impulses/min, 4:1 A-V 
block and a ventricular rate of 158 beats/min resulted 
and there was hemodynamic improvement (Fig. 5B). 
Pacing was continued until pharmacologic therapy with 
digoxin and quinidine controlled the arrhythmia. 

In three patients, continuous atrial pacing for pe- 
riods of 30 minutes to 2 days at a rate slightly higher 
than the intrinsic sinus rate was used to suppress fre- 
. quent atrial or ventricular ectopic beats. In each pa- 
tient treated, the ectopic beats produced an unaccep- 
tably high ventricular rate and compromised cardiac 
output. Pharmacologic therapy was not required in any 
of these patients. Pacing was discontinued periodically 
to assess the frequency of ectopic rhythm and was dis- 
continued permanently when ectopic rhythm no longer 
compromised the hemodynamic status. 

Atrial pacing was utilized as an adjunct to therapy 
in 16 children with low cardiac output or hypotension 
and inappropriately slow heart rates postoperatively. 
In each case, A-V conduction was intact and atrial 
pacing at rates of 10 to 25 beats/min greater than the 
intrinsic rate resulted in hemodynamic improvement. 


Discussion 


Although the use of atrial wires postoperatively has 
been well described previously, our report underscores 
the usefulness of this technique in the postoperative 
management of infants and children after intracardiac 
surgery. Cardiac arrhythmias and low cardiac output 
occur commonly after intracardiac surgery in children 





FIGURE 5. A, standard postoperative rhythm strip recorded at 25 mm/s 
showing recurrent ectopic atrial tachycardia with ventricular rates up 
to 200 beats/min. B, during atrial pacing at a stimulus (s) interval of 95 
ms (632 impulses/min), the rhythm strip shows 4:1 A-V block and a 
ventricular (r) rate of 158 beats/min. Tracing B was recorded at 50 
mms. 


and contribute substantially to the morbidity and 
mortality of the surgical procedure. Although most ar- 
rhythmias revert spontaneously to sinus rhythm within 
the Ist few postoperative days,? they can frequently 
compromise cardiac output by causing inappropriately 
high or low ventricular rates. Pharmacologic therapy of 
postoperative arrhythmias may be complicated by drug 
resistance, time delay during institution of therapy and 
the undesirable effects of some antiarrhythmic drugs 
on myocardial function. !? 

Atrial pacing for arrhythmias: Atrial pacing uti- 
lizing temporary wire electrodes obviates the need for 
drug therapy in many patients with nonrecurrent par- 
oxysmal tachyarrhythmia. In patients with recurrent 
or sustained arrhythmia, the ventricular rate can be 
slowed immediately with overdrive atrial pacing and the 
induction of A-V block. In these instances, pharmaco- 
logic therapy can be instituted while the arrhythmia is 
already being controlled. Atrial pacing, frequently at 
rates just slightly higher than the intrinsic sinus rate, 
is also effective in suppressing frequent atrial and 
ventricular ectopic beats. Although atrial pacing can be 
used to manage most postoperative arrhythmias, it is 
of no use in treating atrial or ventricular fibrillation. 

In no child did pacing of the right atrium for inter- 
ruption or treatment of tachyarrhythmia result in atrial 
fibrillation. The likelihood that atrial fibrillation will 
occur and result in a ventricular rate higher than that 
during the original arrhythmia is greater in undigi- 
talized patients and in those with a short P-R interval 
during sinus rhythm.* 

Atrial pacing for hypotension or bradycardia: 
Atrial pacing was used to treat postoperative low cardiac 
output or hypotension associated with bradycardia and 
intact A-V conduction in 16 patients. A beneficial effect 
was noted in each instance. Atrial pacing is more ef- 
fective than ventricular pacing in these circumstances 
because a normal A-V contraction sequence is main- 
tained and improved ventricular filling is promoted. 

Atrial electrogram for diagnosis of arrhythmias: 
In addition to their therapeutic advantages, atrial 
electrodes proved especially helpful in diagnosing and 
confirming postoperative rhythm disorders. It is well 
known that placement of electrocardiographic leads 
closer to the atrium affords improved accuracy in 
rhythm identification. It is also known that surface 
electrocardiograms may fail to identify atrial activity 
despite its presence. It is not uncommon, for example, 
for P waves to be markedly altered, and at times ob- 
scure, after surgery that involves atrial reconstruction.? 
Even when present, P wave configuration and the P-R 
interval are frequently poor indicators of the site of 
origin of ectopic atrial impulses.!! We used atrial elec- 
trograms in two children to confirm sinus-like rhythms 
that were not obvious from the standard electrocardi- 
ogram. Atrial electrograms also helped to distinguish 
between ventricular and atrial ectopic beats and to 
confirm suspected arrhythmias. In some instances, they 
allowed the identification of rhythms that were unsus- 
pected or misdiagnosed from the standard electrocar- 
diogram. Because of this experience, we now record 
unipolar or bipolar atrial electrograms routinely 
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whenever a question arises about a patient's rhythm. 
We also record them to confirm postoperative ar- 
rhythmias even when the latter appear unequivocal on 
standard electrocardiographic tracings. 

Implications: At many institutions, the use of atrial 
epicardial electrodes postoperatively is a well estab- 
lished practice in adult patients. Our experience shows 
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that temporary atrial wires are also of great diagnostic 
and therapeutic value in children. The techniques are 
easy, safe and reliable. We conclude that one or two 
atrial electrodes should be placed on the right atrial 
epicardium after open heart surgery in all children. 
Atrial wires do not replace the need for ventricular wires 
but complement their usefulness. 
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Ventricular arrhythmias probably initiate the events leading to sudden 
death in patients who have recovered uneventfully from surgery for 
congenital heart disease. It is therefore recommended that antiarrhythmic 
therapy be given to all patients who have had surgery for congenital heart 
defects and who have ventricular arrhythmias found in a routine elec- 
trocardiogram taken after the immediate postoperative period. The re- 
sponse of ventricular arrhythmias to treatment was studied in six ambu- 
latory patients aged 7 to 27 years (mean 16.5) who had had surgery a 
mean of 10.7 years before the arrhythmia was recognized. Four patients 
had unsatisfactory repair of the congenital defect; the two other patients 
had only a palliative operation. Each patient's electrocardiogram was 
monitored continually by tape recording. Each received phenytoin, 3.75 
mg/kg body weight, every 6 hours for four doses, then 1.9 mg/kg every 
6 hours until the serum concentration of phenytoin was 15 to 20 ug/ml. 
This serum concentration was maintained with the daily administration 
of 2.5 to 3 mg/kg every 12 hours. In the 24 hours before treatment, two 
patients had ventricular tachycardia, two had paired premature ventricular 
complexes and two had 10 or more single premature ventricular com- 
plexes/hour. After treatment, all patients had “effective control" (one 
or less premature ventricular complex/hour for 12 consecutive hours). 
This control was achieved with phenytoin in five patients, but one patient 
required the addition of disopyramide (2 mg/kg every 6 hours). All five 
patients undergoing a treadmill test before treatment had premature 
ventricular complexes during or after exercise; after treatment, only one 
had premature ventricular complexes after exercise. The patient who 
required two drugs was unable to perform a treadmill test. The mean ef- 
fective serum phenytoin concentration, 15.7 g/ml (range 8.5 to 20.0), 
was reached at a mean time of 61.2 hours (range 42 to 80) after the start 
of phenytoin therapy. Ataxia occurred in two patients with serum phenytoin 
concentrations of 16 and 20 ug, but not in the other four, three of whom 
had serum concentrations greater than 20 ug/ml. Echocardiographic, 
hematopoietic, hepatic and renal function indexes remained constant with 
treatment. 

It is concluded that (1) phenytoin suppressed ventricular arrhythmias 
in six children and young adults after surgery for congenital heart disease; 
(2) the effective serum concentration of phenytoin was approximately 
15 ug/ml, but varied widely; and (3) this concentration was achieved 
within 48 to 72 hours when an oral loading dose was administered. 


The combination of premature ventricular complexes occurring late 
postoperatively and persistently abnormal hemodynamics can be lethal 
in the patient who has had surgery for a congenital heart defect. We re- 
cently reviewed our experience with 207 patients who survived intra- 
cardiac repair of tetralogy of Fallot.! Twenty-two of these patients had 
premature ventricular complexes seen on an electrocardiogram taken 


_at rest late after operation, and 8 (38 percent) of the 22 died suddenly. 


Each of these eight patients had a right ventricular systolic pressure of 
70 mm Hg or more. Only 2 of the 22 patients had received specific anti- 
arrhythmic treatment. None who died had left anterior hemiblock. No 
patient died suddenly who had not had prior premature ventricular 
complexes. Fuster et al.? reported similar data: Thirteen of their 399 early 
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survivors had late sudden unexpected death after repair 
of tetralogy of Fallot. All had prior premature ventric- 
ular complexes and none had left axis deviation. He- 
modynamic data were not reported. On the basis of 
these findings, we have recommended antiarrhythmic 
treatment for all patients who have had surgery for 
congenital heart defects and who have premature ven- 
tricular complexes on an electrocardiogram at rest taken 
after the immediate postoperative period. 

Bigger et al.? reviewed the published data on chronic 
suppression of premature ventricular complexes in 
adults. Phenytoin was the drug that, when present in 
adequate serum concentrations, provided the best 
control with the least side effects. In this study we report 
the results and side effects of administration of phen- 
ytoin to six young patients with chronic postoperative 
ventricular arrhythmias. 


Methods 
Patient Group 


After we became aware of the possible association of pre- 
mature ventricular complexes and sudden death in children 
with abnormal hemodynamic status, the next six children with 
: abnormal hemodynamic findings who were observed to have 
premature ventricular complexes after the immediate post- 
operative period were selected for study. None of these pa- 
tients was included in the previously reported long-term fol- 
low-up study of patients treated surgically for tetralogy of 
Fallot.! 

Individual patient data are listed in Table I. 'T'he patient 
with tetralogy of Fallot and the one with truncus arteriosus 
had persistent right ventricular outflow obstruction. In each 
of the two patients who had a ventricular septal defect (Cases 
3 and 4), postoperative cardiac catheterization revealed clo- 
sure of the defect but residual pulmonary arterial hyperten- 
sion. The two patients with transposition complexes (Cases 
5 and 6) were cyanotic young adults who had had only a pal- 
liative surgical procedure. 'The mean age at which the pre- 
mature ventricular complexes were first noted was 16.5 years, 
a mean of 10.7 years after operation. 


TABLE | 
Postoperative Patients With Ventricular Arrhythmia 
PO PVC 
Age PO First 
Case (y) Operation Hemodynamics Noted 
1 13 TOF RVSP = 64 mm Hg; 5 yr 
repair PASP = 22 mm Hg 
2 7 Truncus RVSP = 90 mm Hg; 5 mo 
repair PASP = 35 mm Hg 
3 16 VSD RVSP = 50 mm Hg; 12 yr 
repair PASP = 50 mm Hg 
4 18 VSD RVSP = 60 mm Hg; 12 yr 
repair PASP = 50 mm Hg 
5 27 Potts Tri atr; D-TGA 24 yr 
procedure 
6 17 Blalock- D-TGA; VSD; PS 10 yr 
Taussig 
procedure 
Mean 16.3 10.6 yr 


D-TGA = d-transposition of the great arteries; PASP = distal pul- 
arterial systolic pressure; PO = postoperative; PS = pulmonary 
stenosis; PVC = premature ventricular complexes; RVSP = right 
ventricular systolic pressure; TOF = tetralogy of Fallot; Tri atr = tri- 
cuspid atresia; truncus = truncus arteriosus; VSD = ventricular septal 
defect. 


All patients were asymptomatic except for Patients 5 and 
6, who had experienced several brief episodes of palpitations. 
Two patients (Cases 2 and 5) were receiving digoxin when the 
premature ventricular complexes were first noted. Before the 
study, serum digoxin levels were obtained and were within the 
therapeutic range (1.1 and 1.4 ng/ml. Discontinuation of di- 
goxin therapy in both patients for 1 week produced no change 
in the premature ventricular complexes. Maintenance therapy 
with digoxin was then given for 1 week before the study and 
continued throughout the study in these two patients. 


Protocol 


Before treatment: Each patient was admitted to the 
Clinical Research Center and, after we obtained informed 
consent, the following pretreatment laboratory studies were 
performed: (1) 24 hour electrocardiogram analyzed contin- 
uously for frequency and form of ventricular arrhythmias; (2) 
treadmill exercise electrocardiogram, using a modified Bruce* 
protocol; (3) echocardiographic measurement of left ven- 
tricular shortening fraction (end-diastolic dimension minus 
end-systolic dimension divided by end-diastolic dimension); 
(4) hepatic function tests (measurements of serum glutamic 
oxaloacetic transaminase and bilirubin concentrations); (5) 
renal function tests (measurement of serum urea nitrogen and 
creatinine concentrations, urinalysis; and (6) complete blood 
count. 

During treatment: After baseline measurements were 
made, drug therapy was begun. Blood for serum concentration 
of drugs was obtained every 6 hours throughout hospitaliza- 
tion, immediately before each drug dose was given. Serum 
phenytoin concentration was determined by a radioimmu- 
noassay method using a commercial kit (Wien Laboratories). 
Serum propranolol concentration was measured fluoro- 
metrically by a double extraction method. These determina- 
tions were made to correlate the clinical response with the 
serum concentration and not specifically to study the phar- 
macokinetics of the drugs. 

Twenty-four hour ambulatory electrocardiograms were 
performed sequentially throughout hospitalization. Patients 
w« "e urged to be active and to walk throughout the hospital. 
The tapes were replayed, using a Medilog electrocardiographic 
analysis system (Oxford Instruments). Each hour during the 
24 hour scan all instances of premature ventricular complexes 
were recorded. The following grading system was used: grade 
VI, ventricular tachycardia; grade V, couplets (paired pre- 
mature ventricular complexes); grade IV, 10 or more multi- 
form premature ventricular complexes/hour; grade III, one 
to nine multiform premature ventricular complexes/hour; 
grade II, 10 or more uniform premature ventricular com- 
plexes/hour; grade I, 1 to 9 uniform premature ventricular 
complexes/hour; grade 0, no premature ventricular complexes 
in 1 hour. This is an arbitrary scoring system developed for 
determining a change in status of the patient; it was not de- 
veloped to imply prognosis. Each patient was assigned the 
single highest grade recorded for each 12 hour period. 

The arrhythmia was considered to be "decreased" if it 
decreased by two grades with treatment, for example, from 
ventricular tachycardia (grade VI) to frequent multiform 
premature ventricular complexes (grade IV). The arrhythmia 
was defined as “controlled” with treatment if the patient had 
one or fewer premature ventricular complexes/hour for 12 
consecutive hours. 

After treatment: Before an ineffective drug was discon- 
tinued, and before the patient was discharged from the hos- 
pital on a drug regimen that proved to be effective in con- 
trolling premature ventricular complexes, the foregoing lab- 
oratory measurements were repeated. Values before and after 
treatment were compared using a paired t test. When the ar- 
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3.75 mg/kg Q6h x 4 
1.9 mg/kg Q6h x 4 

















Serum 
Concentration 





3.0 mg/kg Q12h 


FIGURE 1. Management protocol for treatment with phenytoin. Success 
was defined as one premature ventricular complex (PVC) or less/hour 
for 12 consecutive hours, with no side effects and a serum concen- 
tration less than 25 ug/ml. Failure was defined as a lack of control of 
premature ventricular complexes with a therapeutic serum concen- 
tration. ECG = electrocardiogram; Q = every. 


rhythmia was considered controlled, the treadmill exercise 
test was repeated. 


Drug Therapy 


Phenytoin: The dose of phenytoin developed for adult 
patients by Bigger et al.° was adjusted to milligram/kilogram, 
assuming the adult weight to average 70 kg. The flow chart for 
treatment with phenytoin is shown in Figure 1. Each patient 
received a loading dose of 3.75 mg/kg every 6 hours for four 
doses, followed by 1.9 mg/kg for four doses. A 24 hour elec- 
trocardiogram was then examined. If the patient continued 
to have premature ventricular complexes and the serum 
concentration was 25 ug/ml or greater, the drug regimen was 
considered a failure. This serum concentration was chosen 
because patients with a higher serum phenytoin concentration 
experienced progressive mental confusion. If the serum con- 
centration was less than 25 ug/ml, but the patient was con- 
fused or ataxic, the drug regimen was again considered a 
failure. If premature ventricular complexes were still present 
and the serum concentration was less than 25 ug/ml and the 
patient had no side effects, we continued to increase the serum 
concentration by keeping the dose at 1.9 mg/kg every 6 hours 
for another 24 hours and repeating the 24 hour electrocardi- 
ogram. If at this time there were no premature ventricular 
complexes, but either a serum concentration greater than 25 
ug/ml or side effects were evident, the concentration was de- 
creased by giving 0.6 mg/kg every 6 hours and repeating the 
24 hour electrocardiogram. 

Propranolol: This drug was given to one patient (Case 5) 
at a dose of 0.25 mg/kg every 6 hours. 

Disopyramide: This drug was given to one patient (Case 
5) at a dose of 2.0 mg/kg every 6 hours. 


Results 


Patient Response to Therapy 


24 hour tape electrocardiogram: All six patients 
were managed initially using the loading dose protocol 
for phenytoin outlined in Figure 1. The response of 
these patients is shown in Figure 2. Before treatment, 
two patients had ventricular tachycardia, two had 
couplets, one had frequent multiform premature ven- 
tricular complexes and another had frequent uniform 
premature ventricular complexes. After treatment with 
phenytoin, premature ventricular complexes in five 
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Grade of Before After After 
Arrhythmia Treatment Phenytoin Phenyto:n + 
Disopyramide 


FIGURE 2. Response to therapy of six patients with ventricular ar- 
rhythmias. After therapy with phenytoin alone, the arrhythmia was 
controlled in five of the six patients. One patient (Case 5) also required 
disopyramide. PVC = premature ventricular complex; V Tach = ven- 
tricular tachycardia. 


were controlled, four had no premature ventricular 
complexes and one had one uniform premature com- 
plex/hour. A typical course for one of the five patients- 
with controlled premature ventricular complexes (Case 
4) is shown in Figure 3. One patient (Case 5) had abo- 
lition of ventricular tachycardia, but couplets persisted. 
When small doses of propranolol (1 mg/kg per day) were 
added to the digoxin and phenytoin in an effort to stop 
the couplets, congestive heart failure developed within 
24 hours. The arrhythmia was “controlled” when the 
patient was placed on a regimen of digoxin, phenytoin 
and disopyramide. 

Exercise electrocardiogram (Table II): Five of the 
six patients (Cases 1 to 4 and 6) had treadmill exercise 
tests. Patient 5 had moderate exercise limitaticn and 
refused testing both before and after treatment. Before 
treatment, three of the five patients had premature 
ventricular complexes during exercise and four of the 
five had them during the postexercise recovery period. 
After treatment, no patient had premature ventricular 
complexes during exercise and only one (Case 6) had 
them in the recovery period. 


Phenytoin Loading Dose in Young Patients 


Serum concentrations: All six patients received the 
same management for the initial 48 hours of the study. 
Figure 4 shows the serum concentrations for each of the 
six patients during the loading dose period. After 12 
hours of treatment, the mean serum concentration was 
6.0, after 24 hours 12.3, after 36 hours 14.2 and after 48 
hours 18.2 ug/ml. 

Response of arrhythmias: Phenytoin was effective 
in controlling ventricular arrhythmias in five of the six 
patients. When we calculated data from these five pa- 
tients, we found that when the loading dose was used, 
the arrhythmia was decreased (that is, a drug effect was 
observed) at a mean serum concentration of 10.9 ug/ml 
(range 6.5 to 18.0). This finding corresponded to a mean 
duration of therapy of 24 hours (range 16 to 32). The 
arrhythmia was controlled (one or less premature ven- 
tricular complex/hour for 12 consecutive hours) at a 
mean serum concentration of 15.7 ug/ml, (range 8.5 to 
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FIGURE 3. Response of a single patient to treatment with phenytoin. 
As the serum phenytoin concentration reached 10 to 15 ug/ml, ar- 
rhythmia decreased; when the concentration was above 15 ug/ml, the 
arrhythmia was controlled, with no premature ventricular complexes 
(PVC) recorded in 12 hours. 


20), which corresponded to a mean of 61 hours (range 
42 to 80) of therapy using the protocol outlined in Figure 
1. When the patients were discharged from the hospital 
(a mean of 6 days after initiation of treatment) the 
phenytoin serum concentrations had been stable at least 
36 hours. The mean phenytoin dosage on discharge was 
5.7 mg/kg per day (range 5.0 to 6.5) and the mean 
phenytoin serum concentration was 16.7 ug/ml (range 
12 to 20). All six patients who received phenytoin were 
reexamined 1 month after initiation of therapy. All 
continued to be without premature ventricular com- 
plexes on 24 hour electrocardiographic monitoring. The 
serum concentration remained in the therapeutic range 
with the administration of the same dose given on dis- 
charge from the hospital. 


Toxicity 


Phenytoin: Transient ataxia developed in two pa- 
tients with serum phenytoin concentrations of 16 and 
20 ug/ml, respectively, but not in the four patients with 
concentrations of 8, 21, 24 and 25 ug/ml. The ataxia 
disappeared spontaneously. Three patients transiently 
had serum concentrations greater than 25 ug/ml. Two 
of these three had mental confusion (without ataxia) 
that disappeared within 24 hours when the concentra- 


TABLE Il 


Pretreatment Ventricular Arrhythmias on Treadmill 
Exercise Test 


During Recovery Period 
Case Exercise After Exercise 
1 0 U-PVC 
2 Bigem 0 
3 U-PVC . U-PVC 
4 0 Bigem + couplets 
5" iu 5a 
6 U-PVC U-PVC 


* Patient refused exercise testing. 

Bigem = ventricular bigeminy with uniform PVC, lasting less than 
2 minutes; couplets — paired premature ventricular complexes ob- 
served twice in the 10 minute recovery period; U-PVC = 1 to 10 uniform 
premature ventricular complexes/min; 0 = no premature ventricular 
complexes. 


Phenytoin 
Serum 
Concentration 
(mcg/ml) 





48 Hours after 
1st Dose 


0 12 24 36 


FIGURE 4. Serum phenytoin concentration during loading dose in six 
patients; 3.75 mg/kg was given every 6 hours for four doses, followed 
by 1.9 mg/kg every 6 hours for four doses. Failure of the serum con- 
centration to increase as rapidly in one patient (lowest curve) is 
unexplained. In this patient the drug was effective at a serum concen- 
tration of only 8.5 ug/ml. mcg = microgram. 


tion decreased to below 25 ug/ml. Echocardiographic, 
hepatic, renal and hematopoietic indexes did not change 
significantly with treatment. 

Propranolol: One patient (Case 6) had chronic 
congestive heart failure associated with transposition 
of the great arteries and pulmonary hypertension that 
had been well compensated for with digoxin therapy. 
Thirty-six hours after small dose therapy with pro- 
pranolol (1.0 mg/kg per day) was added, pulmonary 
edema developed. The patient’s symptoms decreased 
within 36 hours on withdrawal of propranolol. 

Discussion 

On the basis of this study in a small number of pa- 
tients, we believe that phenytoin is an effective drug in 
treating chronic postoperative ventricular arrhythmias 
in young patients with abnormal hemodynamic status 
after operation for a congenital cardiac defect. In all six 
of our patients, phenytoin decreased the arrhythmia 
and, in five of the six, treatment with phenytoin resulted 
in complete control (one or less premature ventricular 
complex/hour for 12 consecutive hours). 

Electrophysiologic basis for treatment with 
phenytoin: Although most treatment of ventricular 
arrhythmias is empiric, a cellular electrophysiologic 
basis may exist for treatment with phenytoin in patients 
who have abnormal hemodynamics. In patients after 
repair of tetralogy of Fallot, ventricular tachycardia has 
been localized to the right ventricle.® In patients with 
long-standing right ventricular hypertension, progres- 
sive patchy right ventricular fibrosis may develop.78 
Additionally, a right ventriculotomy scar produces an 
area of linear fibrosis. Myerburg et al? found abnormal 
properties in cardiac muscle cells surrounding areas of 
fibrosis and postulated a permanent membrane injury 
to these cells resulting in partial depolarization and 
increased automaticity. Similar electrophysiologic ab- 
normalities may result in Purkinje fibers that have been 
either stretched!9.!! or exposed to pressure overload.!? 
Therefore, postoperative patients with residual right 
ventricular hypertension most likely have myocardial 
cells with decreased rate of rise of phase of the action 
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potential, partial depolarization and increased auto- 
maticity. Phenytoin has been reported to increase the 
rate of rise of phase 0, to return the resting membrane 
potential toward normal and to decrease automaticity.!? 
The drug may also have these effects preferentially on 
injured cells!? and is therefore a reasonable agent to use 
in the clinical setting of chronic postoperative ventric- 
ular arrhythmias. 

Other antiarrhythmic drugs: James et al.!4 used 
quinidine sulfate to abolish exercise-induced premature 
ventricular complexes in children after cardiac surgery, 
and Winkle et al.!? found quinidine sulfate to be supe- 
rior to both propranolol and procainamide in sup- 
pressing chronic ventricular arrhythmias in adults with 
coronary artery disease. We have avoided use of quini- 
dine because of its negative inotropic effects and its 
propensity to increase heart block in patients with sick 
sinus syndrome and in patients with conduction disease 
in the distal His-Purkinje system. Although none of the 
patients in this study had sick sinus syndrome or tri- 
fascicular block, these two conditions are seen relatively 
frequently in patients who have had operations for 
congenital heart defects. 

We!6 have previously reported on the use of pro- 
pranolol in children for treatment of premature ven- 
tricular complexes. However, Patient 5 in this study, 
who manifested pulmonary edema during small doses 
propranolol therapy, illustrates the danger of admin- 
istering propranolol to patients with repaired or unre- 
paired congenital heart defects, because of its negative 
inotropic effect. The relative lack of severe side effects 
and high success rate of phenytoin have made it our 
current drug of choice in this patient group. 

Phenytoin dose regimen: The response of our young 
patients to an oral loading dose regimen was similar to 


that reported by Bigger et al.,° who developed the reg- 
imen for adults. They found, as we did, only slight 
antiarrhythmic effect at serum phenytoin concentra- 
tions of less than 10 ug/ml and arrhythmia control at 
concentrations of 10 to 20 ug/ml. 

Phenytoin was effective in suppressing ventricular 
arrhythmias in children with abnormal hemodynamic 
status. The dose should be based on the serum pheny- 
toin concentration. The effective level in children was 
approximately 15 ug/ml (range 12 to 20). When the oral 
loading dose protocol was used, an effective serum 
concentration was obtained within 48 to 72 hours; this 
concentration was maintained using 5 to 6 mg/kg per 
day. 

Current recommendations for treatment of 
ventricular arrhythmias: Available data suggest that 
premature ventricular complexes may be a danzer sign 
in young patients with abnormal hemodynamics. Our 
current recommendations are for antiarrhythmic 
treatment of all patients who have either (1) any pre- 
mature ventricular complex in a routine electrocardi- 
ogram obtained at rest, (2) more than one premature 
ventricular complex in an electrocardiogram obtained 
during exercise, or (3) more than one premature ven- 
tricular complex/hour in a 24 hour tape electrocardio- 
gram. These recommendations are clearly weighted 
toward overtreatment. Phenytoin appears to be such 
a safe drug that it should be tried in all such patients. 
If phenytoin is ineffective, the seriousness of the ar- 
rhythmia should be balanced against the possible ad- 
verse effects of other agents. Only several years of fol- 
low-up by multiple investigators with different treat- 
ment strategies will determine if attempted suppression 
of the premature ventricular complexes significantly 
affects clinical course. 
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TAKE A LOOK AT HONEYWELI’S NEW RECORDER 


AND SEE WHAT YOU'VE BEEN MISSING 
IN ECHOCARDIOGRAMS. 





If you're not seeing everything you expect from your 
present system, you should be looking at the LS-8—a 
totally new concept in presenting diagnostic information 
for echocardiography. 

It delivers crisp black and white echocardiograms 
that won't fade. Echocardiograms that are developed 
dry, without chemicals, and without any warm-up delay 
caused by speed changes. So you get an instant 
echocardiogram for immediate evaluation. 

And what an echocardiogram! Sharp and clear, 
with automatic intensity compensation for paper speeds 
from 5 to 100 mm/sec and the kind of high resolution 
and superior contrast that comes only from a wide and 
accurate gray scale range. Optional with direct print 
paper at 5 to 500 mm/sec. 

Specific application modules provide optimum 
performance in a wide variety of applications, including 
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M-mode echo, video for real time, and B-scan. Other 
modules can interface with up to six physiological data 
channels and provide timelines. The 2 kHz frequency 
response of the data channels provides diagnostic- 
quality phonocardiography recordings. And since the 
LS-8 is convection-cooled, there's no fan noise, no 
acoustical interference on sensitive phonocardiography 
channels. 

Now add operation that's simpler than ever, a 
design that's quick and easy to service, and you have 
the LS-8, backed by the experience and expertise of 
people whose business is graphic recorder technology. 

Honeywell's new LS-8 Stripchart Recorder will 
deliver every bit of image quality your ultrasound systerr 
is capable of. Ask your echo system supplier. Or contact 
Bob Shipman, Honeywell Test Instruments Division, 
Dept. AJC, Box 5227, Denver, Colorado 80217, phone 
303/771-4700. 


WE'LL SHOW YOU A BETTER WAY. 
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Elecath. 





Because we specialize, you can catheterize 
better. Easier handling, faster, more accurate 
placement are the direct results of being able to 
choose from an extensive line of innovative 
Elecath designs. 


Elecath offers you: 


Thermal Dilution Catheters 
e Baltherm'" Flow-Directed Balloon Catheters For 
Use Without Fluoroscopy 
e Torktherm™ Torque Control Catheters For Use 
With Fluoroscopy 
e Surgitherm™ Mini-Probes For Monitoring Post- 
Surgical Cardiac Output 


Double Pressure Catheters 
e Balwedge'" Double-Pressure (Triple Lumen) 
Catheters 
Single Pressure Catheters 


e Balwedge'" Single-Pressure (Double Lumen) 
Catheters 


Pulmonary Angiography Catheters 
e Balwedge'" Pulmonary Angiography Catheters 


And A New Elecath Cardiac Output Computer 
Model COC 4000 


e 7 Ibs. Of Innovative Monitoring Technology 


The choice is yours and it’s an excellent one 
when you select Elecath. To aid you in your 
selection, please write us for copies of our new 
detailed literature. 


Elecath. 
Your Best Resource For 
Innovative Cardiovascular 
Technology. 









Complete kits put everything 
you need at your fingertips for 
quicker, surer placement. 













For example, our Baltherm™ 

Sterile Kit includes 

e 4F to 7F Baltherm Balloon 
Monitoring Catheter 

e Vented disposable syringe for 
balloon inflation 

e Introducing assembly for per- 

Cutaneous insertion of probe 

with 5F only 


ELECTRO-CATHETER CORPORATION 
2100 Felver Court, 

Rahway, New Jersey,07065,U.S.A. 

For the name of your nearest distributor, 

call: (800) 526-4243. In N.J. (201) 382-5600 


A complete family of precision cardiac 
catheters for all of your hemodynamic 
monitoring and temporary pacing needs. | 
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Model 280VVI 
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IN BIPOLAR PACING 


The slim (12mm), lightweight (60gm) and 
compact design maximizes patient comfort 
and cosmetic appeal. 


Over/under connector configuration keeps 
lead lengths equal and prevents lead 
deformation. 


O 


TELECTRONICS 


U.S.A.: 8515 East Orchard Road, Englewood, Colorado 80111, 


(303) 779-4670; (800) 525-7001 


Canada: 6299 Airport Road, Mississauga, Ontario L4V1N3, 
(416) 676-9805 





The Model 271E offers a wide range of 
programmable rates as well as a choice of 
output voltages. 


Successfully eliminates muscle stimulation 
at the pulse generator site and minimizes the 
effects of myopotential inhibition and 
electromagnetic interference. 





Australia (and the rest of the world) 
2 Sirius Road, Lane Cove, Sidney, NSW 2066, 
(Telex: Medtel AA20576) 


Europe: 35 Ivor Place, London, NW1, UK, 
(Telex (51) 27950) 
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® central control of blood e] iua S Ls compliance’ 


® |ow incidence of impotence, 
depression, orthostatic hypotension * * 


9 most common side effects are dry Well tolerated 
mouth, drowsiness and sedation BLU 
which generally tend to diminish with Side effect dropouts 


ume. AS with other agents contain- *Of 484 patients in 16 clinical trials, 
ng diuretics, hypokalemia, hyper- only 9% definitely or probably 
uricemia, and hyperglycemia may dropped out due to side effects: 
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ccu 1Data on file, Boehringer Ingelheim Ltd. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow : ^ 
secs e ruin aan URDU Wi anhini eicien. Please see brief summary on last page for warnings, 
precautions, and adverse reactions. 


* *Orthostatic hypotension has been reported with chlorthalidone and 
may be potentiated when chlorthalidone is combined with alcohol, bar- Combipres is not indicated for initial therapy. It is for patients responsive 
biturates, or narcotics. to its components given separately in equivalent dosages. 


Combipres 


Each tablet contains: Catapres® (clonidine HCI) 1 d 2 
1 or 0.2 mg, and chlorthalidone, 15 mg "E M 


Hypertension 





hold the pressure... 
hold the patient... 


Combipres' ~. 


Each tablet contains: Catapres® (clonidine HCl) 
0.1 or 0.2 mg, and chlorthalidone, 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hvpertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. Tne treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraincications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 davs to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death nave been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivites, such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component. This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antinypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovescular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
dégeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes shouid be tested periodically while receiving 





Combipres, because of the nyperglycemic effect 
of chlorthalidone. 

Because of the possibility o! progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug shouid be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Ancrexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa. pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 


A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss.of diuretic 
and/or antihypertensive activity. 

idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
bul are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage 
Chiorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary. this may 
inciude intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100. 

Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone * 5 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 
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Helps you keep up with the 
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All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification desoite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician’s Recognition Award. 
CORNELL MEDICAL UPDATEJ2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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The effects of the angiotensin converting enzyme inhibitor captopril were 
studied in 14 patients with essential or renovascular hypertension 75 
minutes after ingestion of 25 mg of the drug, and after 2 months of therapy 
with 150 to 600 mg/day. Captopril acutely decreased mean brachial ar- 
terial pressure by 16.3 mm Hg (p <0.001); the decrease was 7.6 mm Hg 
(p <0.01) during long-term therapy at the higher dose level. The changes 
in mean brachial arterial pressure were significantly related to control 
plasma levels of angiotensin Il. The acute hypotensive effect of captopril 
was based on a 10 percent decrease (p <0.01) in systemic vascular re- 
sistance with essentially unchanged cardiac output and heart rate. Pul- 
monary capillary wedge pressure decreased by 2.3 mm Hg (p <0.001) 
with unchanged pulmonary vascular resistance. During long-term treat- 
ment systemic vascular resistance decreased by 29 percent (p <0.001). 
Oxygen consumption increased by 15 percent (p <0.01) with a con- 
comitant 16 percent increase in cardiac output (p <0.01), characterized 
by an increased stroke volume and unchanged heart rate; one patient 
experienced angina pectoris that may have been related to these he- 
modynamic changes. The decrease in pulmonary capillary wedge pres- 
sure was maintained, and right atrial pressure decreased ( — 1.4 mm Hg; 
p <0.05). 

The data indicate that the action of captopril is characterized by arte- 
riolar and possibly venous dilatation. The increase in cardiac output during 
long-term treatment seems to be associated with a hypermetabolic state 
and in patients with very severe hypertension, with restoration to normal 
of mildly decreased left ventricular function. 


Angiotensin II is a potent arteriolar vasoconstrictor and may be re- 
sponsible for the elevation of arterial pressure in certain patients with 
hypertension. Potent drugs that interfere with the renin-angiotensin 
system have been developed. These include 1-sar-8-ala-angiotensin II! 
(P 113; saralasin; Norwich Pharmacal Company), which blocks the re- 
ceptors for angiotensin II, and 2D-methyl-3-mercaptopropanoyl-L- 
proline? (SQ 14225; captopril; Squibb Institute for Medical Research), 
which inhibits the conversion of angiotensin I to angiotensin II. Both 
drugs have been effective in reducing arterial pressure,*~’ particularly 
in sodium volume-depleted patients with high renin levels. Saralasin's 
hypotensive effect has been based on a reduction of systemic vascular 
resistance in normotensive®!° and hypertensive!^:!? subjects although 
some investigators!? reported that cardiac output decreased in some of 
the studied patients. Heart rate remained unchanged.!!-!? Pulmonary 
vascular resistance was not reduced in hypertensive patients!^!? and 
hypoxic pulmonary vasaconstriction was not reduced in dogs!*!^ or 
rats.16 Converting enzyme inhibition with teprotide (SQ 20881) or cap- 
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topril reduced systemic vascular resistance in normo- 
tensive subjects!’ and in hypertensive human 
beings!?-?? and rats,?! but there is some controversy on 
the response of heart rate, which was unaffected in some 
studies!919.2,L22? but slightly increased in others.??.?4 
Cardiac output increased promptly when teprotide re- 
duced arterial pressure in patients with acute hyper- 
tension after coronary bypass surgery,!? whereas cap- 
topril did not affect cardiac output acutely?? or after 3 
to 7 days of treatment in hypertensive patients!? or 
rats.?! Converting enzyme inhibition acutely reduced 
pulmonary vascular resistance in human subjects?? but 
failed to alter the pulmonary vascular response to 
hypoxia in dogs.!4 

In this study we report the hemodynamic changes in 
the systemic and pulmonary circulation observed during 
acute (75 minutes) and long-term (2 months) treatment 
with captopril of patients with moderate to severe es- 
sential or renovascular hypertension. 


Methods 


Study patients: Fourteen patients with hypertension were 
studied (Table I). Informed consent was obtained before ad- 
mission into the study. The diagnosis was based on history, 
physical examination, appropriate laboratory tests and an 
intravenous pyelogram. A renal arteriogram and renal vein 
blood sampling for measurement of plasma renin activity were 
performed when indicated. 

After the described investigations all patients were started 
on a regimen of 3 placebo tablets/day and were followed up 
on an outpatient basis for about 1 month, except for two pa- 
tients in whom treatment with captopril was started earlier 
because of the severity of hypertension. The patients’ 24 hour 
urinary sodium excretion averaged 43.8 + 7.8 mmol (mean + 
standard error of the mean); there was no significant differ- 
ence between the short- and long-term studies in urinary so- 
dium excretion values. 

Acute studies: The first dose of captopril was given to the 
patients in the morning while they were recumbent in the 
laboratory where the room temperature was 18 to 22? C and 
the humidity 40 to 60 percent. Before administration of the 
drug a small catheter (Vygon, 115.09) was introduced into the 


TABLE | 
Characteristics of 14 Patients 


Age (yr)* 
Sex male/female (n) 
Weight (kg)* 
Electrocardiogram (n) 
Normal 
Possible left ventricular hypertrophy 
Left ventricular hypertrophy 
VIO TTA (Keith-Wagener-Barxer grade) (n) 


1 
2 
Recumbent blood pressure in outpatient 
clinic before captopril (mm Hg)* 
Systolic 198.3 + 6.2 
Diastolic 119.7 £ 3.2 
Creatinine clearance (ml/min)* 89.6 + 6.3 
Type of hypertension (n) 
Essential 5 
Renovascular 9 


45.8 + 2.1 
7/7 
71.5 + 4.0 


Ohno NUN 


* Mean value + standard error of the mean. 


brachial artery of al! patients for sampling of blood and for 
recording the intraarterial pressure with use of an Elema- 
Schonander EMT pressure transducer; pressure was contin- 
uously recorded on a Mingograph 81 recorder, and mean 
brachial pressure was obtained by electrical damping every 
5 minutes. Heart rate was calculated from the electrocardio- 
gram. Cardiac output was measured using the direct oxy- 
gen-Fick method. A Swan-Ganz 93.110 5F floating catheter 
was introduced in the antecubital vein and positioned in the 
pulmonary artery for sampling of mixed venous blood; the 
catheter was positioned so that pulmonary capillary wedge 
pressure was measured when the balloon near the tip of the 
catheter was inflated and pulmonary arterial pressure was 
measured when it was deflated. Oxygen uptake was measured 
continuously using the open circuit method; pulmonary 
ventilation and oxygen and carbon dioxide levels were de- 
termiried by with pneumotachograph, a paramagnetic oxygen 
analyzer and an infrared carbon dioxide analyzer (Siregnost 
FD 84, Siemens). The rate of ventilation was monitored. 
Systemic vascular resistance was caleulated from mean arte- 
rial pressure and cardiac output, pulmonary vascular resis- 
tance from mean pulmonary arterial and capillary wedge 
pressures and cardiac output; resistances were expressed as 
mm Hg/liter per min. 

After the introduction of the catheters a control period of 
about 60 minutes was observed, and two determinations of 
cardiac output were made (and averaged for analysis) during 
the last 15 minutes. Then the patients received one tablet of 
captopril, 25 mg, and pressures and heart rate were monitored 
for another 75 minutes; cardiac output was determined twice 
between 60 and 75 minutes after drug administration. The 
catheters were removed and the patient remained in the sur- 
roundings of the laboratory for about 3 hours before returning 
home. 

Plasma angiotensin LI was determined in arterial dlood as 
described by Lijnen et al.2®; normal values are 9 to 59 pg/ 
ml 


Long-term studies: Patients were followed up on an out- 
patient basis at biweekly intervals, and the initial dosage of 
captopril (25 mg, three times daily) was increased at each visit 
until control of blood pressure was obtained or maximal 
dosage reached. Eleven patients could be restudied in the 
laboratory after 2 months of treatment on the final dose reg- 
imen: 150 mg/day in one patient, 300 mg/day in one patient, 
450 mg/day in two patients and 600 mg/day in seven patients. 
The patients took their morning dose of captopril (50 to 200 
mg) in the laboratory and the hemodynamic data were ob- 
tained about 60 to 75 minutes later (cardiac output cculd not 
be measured in one patient). 

The statistical methods used were regression analysis, and 
two tailed Student's t test for paired data. All data are ex- 
pressed as mean values + standard error of the mean. 


Results 


Systemic hemodynamics: Mean brachial arterial 
pressure decreased from a control value of 135.9 + 5.7 
to 119.6 + 4.3 mm Hg (p <0.001) 75 minutes after acute 
administration of captopril and reached a plateau after 
55 minutes. After 2 months of treatment mean brachial 
arterial pressure decreased by a further 7.6 + 2.4 mm 
Hg (p <0.01). 

Figure 1 gives the percent changes from control values 
of mean brachial arterial pressure, cardiac output 
(control 6.53 + 0.45 liters/min), systemic vascular re- 
sistance (22.0 4 1.8 mm Hg/liter per min), heart rate 
(74.1 + 4.1 beats/min), stroke volume (91.6 + 8.2 ml), 
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FIGURE 1. Percent changes from control values in mean 
brachial arterial pressure (MBAP), systemic vascular 
resistance (SVR), cardiac output (CO), heart rate (HR), 
stroke volume (SV), oxygen consumption (VO;5) and ar- 
teriovenous difference in oxygen content [(a-v)O2] during -30 
acute (14 patients) and long-term (11 patients) treatment 
with captopril. Probability (p) values are given for signif- 
icance of difference from control values and for the 
comparison between the acute and long-term changes 
for the 10 pairs. NS — not significant. -40 


oxygen consumption (269.6 + 13.4 ml/min) and sys- 
temic arteriovenous difference in oxygen content (41.2 
+ 1.8 ml/liter). The acute dose of captopril produced a 
significant decrease in mean brachial arterial pressure 
(—12 percent) and in systemic vascular resistance (—11 
percent), with unchanged cardiac output, heart rate, 
stroke volume, oxygen consumption and arteriovenous 
oxygen content difference. During long-term treatment 
mean brachial arterial pressure decreased further, and 
the decrease in systemic vascular resistance reached 30 
percent. Oxygen consumption significantly increased 
from 259.5 + 9.5 to 302.0 + 11.2 ml/min (p «0.01), with 
unchanged arteriovenous oxygen content difference, 
resulting in a significant increase of cardiac output 
characterized by an increased stroke volume with un- 
changed heart rate. Pulmonary ventilation increased 
from 7.6 + 0.4 to 9.5 + 0.9 liters/min (p <0.01) and res- 
piratory rate from 12.8 + 1.4 to 14.3 + 1.0/min (p <0.02). 
Carbon dioxide output increased from 206.0 + 9.5 to 
252.5 + 9.9 ml/min (p <0.005), whereas the respiratory 
quotient was not affected (0.80 + 0.02 versus 0.01; p 
<0.6). 

The changes in cardiac output during long-term 
treatment were significantly and positively related to 
the pretreatment levels of systemic vascular resistance 
(correlation coefficient, [r] = +0.82; p <0.005) and mean 
arterial pressure (r = +0.74; p <0.01), and negatively 
to the pretreatment cardiac output (r = —0.76; p <0.01); 
there was no significant relation with the pulmonary 
capillary wedge pressure (r = 0.18; difference not sig- 
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nificant [NS]). There was also no significant relation 
between the changes in cardiac output and the changes 
in mean arterial pressure (r = —0.47; NS), but the latter 
were highly significantly related to the changes in ar- 
teriovenous difference in oxygen content (r = +0.81; p 
<0.005) but not to the changes of oxygen consumption 
(r = —0.02; NS) (Fig. 2). 

Pulmonary hemodynamies (Fig. 3): Mean pul- 
monary capillary wedge pressure decreased by 2.3 + 0.3 
mm Hg (p <0.001) from a control level of 5.6 + 0.6 mm 
Hg in response to the acute dose; the decrease was 
maintained during long-term treatment. Also mean 
right atrial pressure, measured only during introduction 
of the Swan-Ganz catheter, had decreased significantly 
by 1.4 + 0.5 mm Hg (p <0.05) from the control level of 
0.9 + 0.7 mm Hg when the patients were restudied after 
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FIGURE 2. Relation of changes (A) in arteriovenous oxygen content 
difference [(a-v)O2] with changes in mean brachial arterial pressure 
(MBAP) during long-term treatment with captopril. Circles represent 
patients with essential hypertension, squares those with renovascular 
hypertension. | = liter; r = correlation coefficient. 
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FIGURE 3. Changes from control values in mean right atrial pressure 
(MRAP), mean pulmonary arterial pressure (MPAP), mean pulmonary 
capillary wedge pressure (MPCWP) and pulmonary vascular resistance 
(PVR) during acute and long-term treatment with captopril. Probability 
(p) values are given for significance of difference from control 
values. 


2 months. Pulmonary vascular resistance remained 
essentially unchanged during acute and long-term 
treatment with captopril. 

Plasma angiotensin II: Control plasma angiotensin 
II levels ranged from 6.9 to 381.6 pg/ml (average 63.5 
pg/ml) and were reduced in all patients to a level of 5 to 
65.9 pg/ml (average 18.4 pg/ml) during acute treatment 
with captopril and to 8 to 74.9 pg/ml (average 18.9 
pg/ml) during long-term treatment. These reductions 
in plasma angiotensin II were significant (p <0.01). 

Relation between hemodynamic and biochemical 
data: The changes in mean brachial arterial pressure 
(MBAP) and in systemic vascular resistance (SVR) in 
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FIGURE 4. Relation between the pretreatment plasma level of angio- 
tensin ÍI (PA Il) and the acute changes (A) in mean brachial arterial 
pressure (MAP) and systemic vascular resistance (SVR) in response 
to captopril; circles represent patients with essential hypertension, 
squares those with renovascular hypertension. 


response to the acute dose of captopril were significantly 
related to the value for arterial log plasma angiotensin 
II (log PA II) obtained before administration of capto- 
pril, according to the following formulas (Fig. 4): 


A MBAP = 11.4 — 20.2 log PA II (r = —0.80; p <0.001) and 


A SVR = 3.29 — 4.06 log PA II (r = —0.75; p <0.005). 

During long-term treatment the changes in mean brachial 
arterial pressure and in systemic vascular resistance remained 
significantly related to the control level of log plasma angio- 
tensin II: A MBAP = —0.43 — 17.5 log PA II (r = —0.56; p = 
0.05) and A SVR = 3.96 — 8.35 log PA II (r = —0.69; p 
« 0.05). 


Discussion 

Acute hemodynamic effects of captopril: The 
angiotensin converting enzyme inhibitor captopril ef- 
fectively decreases systemic arterial pressure in hy- 
pertensive patients. The acute hypotensive effect of the 
drug is based on a decrease of systemic vascular resis- 
tance, suggesting arteriolar dilatation, with essentially 
unchanged heart rate and cardiac output. A similar 
hemodynamic response to captopril was observed by 
Fouad et al.,?? whereas converting enzyme inhibition 
with teprotide increased cardiac output (with un- 
changed heart rate) when it reduced arterial pressure 
in patients with acute hypertension after coronary by- 
pass surgery.!? Furthermore captopril, like agents such 
as saralasin!! and teprotide,!? acutely decreases pul- 
monary capillary wedge pressure; this may be due to 
unloading of the left ventricle by the decrease of arterial 
pressure or to pooling of blood bv arteriolar or venous 
dilatation, or both, although the effect of angiotensin 
on the capacitance vessels remains controversial.19.27 
If venous dilatation occurs the consequent reduction of 
venous return may help to explain the unchanged car- 
diac output but not the absence of tachycardia; in- 
creases of cardiac output and heart rate normally occur 
with potent arteriolar dilators suck as diazoxide whereas 
combined arteriolar and venous dilatation (nitroprus- 
side) only produces tachycardia.” 

These hemodynamic effects of captopril are similar 
to those that characterize the acute hypotensive effect 
of the angiotensin II antagonist saralasin. Indeed, when 
the latter decreases blood pressure, it reduces systemic 
vascular resistance and left ventricular filling pressure 
with unchanged cardiac output,!?9-1? although some 
investigators!? have reported decreased cardiac output 
in some of the studied subjects. It is not clear why reflex 
tachycardia does not ensue when systemic vascular re- 
sistance decreases in response to interference with the 
renin-angiotensin system. It is possible that angiotensin 
II is required for normal functioning of the baroreceptor 
reflexes. The peripheral facilitating effects of angio- 
tensin II on the autonomic nervous system have been 
well documented,?? so that blocking the effects of an- 
giotensin II may interfere with normal function of this 
system. Moreover saralasin has been shown to produce 
blockade of the adrenergic potentiating effects of an- 
giotensin II.?? It has also been shown that angiotensin 
II causes tachycardia?! so that inhibition of this increase 
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in heart rate may have contributed to counteracting the 
reflex baroreceptor-induced tachycardia. Furthermore 
a reduction in atrial pressure may have been involved 
as a result of the Bainbridge reflex. 

Chronic hemodynamic and metabolic effects of 
captopril: The hemodynamic findings during long- 
term treatment with captopril are different from the 
acute findings. However, we cannot ascertain from our 
study if the differences are due to the duration of 
treatment or to the larger doses of captopril. Systemic 
vascular resistance, which was reduced by 10 percent 
in the acute study, decreased by 30 percent after 2 
months. Cardiac output, calculated from the oxygen 
consumption and the arteriovenous oxygen content 
difference according to the Fick principle, increased by 
15 percent. The arteriovenous oxygen content difference 
was on average not significantly affected by captopril, 
whereas oxygen uptake increased. 

The increases in oxygen uptake, pulmonary venti- 
lation and respiratory rate were unexpected findings, 
and we therefore first attempted to determine if they 
were the result of a methodologic error. Although no 
adequately matched control series is available, oxygen 
uptake was measured twice during the same period 
under similar conditions in another group of nine pa- 
tients who were not treated with captopril. Their oxygen 
uptake did not differ in the two measurement periods 
(p «0.4). The increased oxygen uptake and cardiac 
output during long-term treatment with captopril may 
have been caused by a generalized increased in oxygen 
consumption related to an increase in body temperature 
or to sympathetic overactivity, hyperthyroidism or 
anemia. This possibility is less likely because all these 
conditions are, at least in the absence of captopril, 
characterized by tachycardia, which was not observed 
during long-term treatment with the drug. However, 
further tests are necessary to exclude these possibilities; 
hemoglobin was not affected in the present study. The 
increased oxygen uptake may also be related to an in- 
crease in oxygen consumption in an organ such as the 
heart, the kidney or the liver, where captopril, which is 
an enzyme inhibitor, may have led to induction of aer- 
obic enzymes requiring increased oxygen uptake. The 
unchanged respiratory quotient suggests that there was 
no disproportional change in anaerobic metabolites. 
One of our patients experienced angina pectoris during 
treatment with captopril. It is not known if the pain was 
caused by captopril itself, if the increased cardiac output 
was a precipitating factor or if it was a mere coincidence. 
The patient remained symptomless after a beta ad- 
renergic blocking drug was added to his regimen. 

The arteriovenous oxygen content difference gen- 
erally remained unchanged during long-term treatment 
with captopril, although a decrease was observed in 
patients with the greatest reduction in arterial pressure. 
Indeed, the changes of the arteriovenous oxygen content 
difference were significantly related to the changes in 
mean brachial arterial pressure. In contrast, the changes 
in oxygen uptake were not related to the magnitude of 
the hypotensive effect. Therefore, the response of car- 
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diac output during long-term treatment with captopril 
seems to be characterized by two factors: one that is 
independent of changes in arterial pressure (the in- 
creased oxygen uptake), and one that is closely related 
to the magnitude of the hypotensive effect (the arte- 
riovenous difference in oxygen content, which decreases 
in those patients with the most marked hypotensive 
effect). Moreover, the captopril-induced increase in 
cardiac output was most pronounced in the patients 
with the most severe hypertension and the highest 
pretreatment level of systemic vascular resistance. 
These observations suggest that at least part of the in- 
creased cardiac output may have been due to restoration 
to normal of a mildly impaired left ventricular function. 
However, there was no significant relation between the 
change in cardiac output and the pretreatment level of 
pulmonary wedge pressure. 

The increase in cardiac output was also character- 
ized by an increased stroke volume with unchanged 
heart rate. The overall hemodynamic response to 
chronic captopril is unlike the usual response to arte- 
riolar dilatation with drugs such as minoxidil, in which 
the increase in cardiac output is associated with a de- 
creased arteriovenous difference in oxygen content and 
unchanged oxygen consumption with elevated heart 
rate and stroke volume;?? or to the response to combined 
arteriolar and venous dilatation with nitroprusside in 
which cardiac output even decreases in association with 
a decreased stroke volume and elevated heart rate.?? 

The decrease in pulmonary capillary wedge pressure 
was maintained during long-term treatment with 
captopril, and also right atrial pressure had decreased, 
indicating decreased filling of the circulation and pos- 
sible dilation of the venous capicitance vessels. Un- 
loading of the left ventricle may have contributed to the 
decrease in wedge pressure, but in view of the un- 
changed pulmonary arterial pressure and pulmonary 
vascular resistance there was no unloading of the right 
ventricle. The fact that the acute decrease of the pul- 
monary arterial pressure is not maintained over time 
in the presence of a reduced wedge pressure can be ex- 
plained by the increased cardiac output. It is clear from 
the increases in stroke volume and cardiac output that 
venous return is increased during long-term treatment 
with captopril, so that any dilating effect of captopril 
on the venous capacitance vessels (which reduces ve- 
nous return) seems to be overcome by the mechanisms 
responsible for the elevated cardiac output. 

Effect of captopril on pulmonary vascular re- 
sistance: Captopril did not affect pulmonary vascular 
resistance, a finding that is in accord with the absence 
of any effect on the pulmonary vessels of the angiotensin 
II antagonist saralasin in hypertensive patients!!!2 and 
on hypoxic pulmonary vasoconstriction in dogs!*!5 and 
rats.!6 Converting enzyme inhibition does not affect 
hypoxic vasoconstriction in dogs,!4 although indirect 
evidence suggests that angiotensin II plays an integral 
role in the hypoxic pressor response.?? However, Niar- 
chos et al.?5 did find a reduction of pulmonary vascular 
resistance when teprotide was administered to patients 
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with acute hypertension after coronary bypass sur- 
gery. 

Mechanisms of hypotensive effect: In the present 
study, the changes in mean brachial arterial pressure 
and of systemic vascular resistance were to some extent 
related to the pretreatment plasma angiotensin II level, 
both in the short- and long-term observations. This 
finding suggests that the antihypertensive effect of 
captopril depends at least partly on its interference with 
the renin-angiotensin system. However, other suggested 


mechanisms such as bradykinin accumulation?^4 can not 
be excluded in this study. 
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The blood pressure abilities of the beta receptor antagonist acebutolol 
and the fixed diuretic combination of hydrochlorothiazide/amiloride hy- 
drochloride to reduce exercise-induced increases in blood pressure during 
and after standardized ergometric work were compared in a within-patient 
study of patients with uncomplicated essential hypertension. Both drugs 
resulted in a significant (p <0.01) and almost identical reduction in blood 
pressure at rest. However, blood pressure during exercise was signifi- 
cantly lower (p <0.001) with 500 mg of acebutolol than with 50 mg of 
hydrochlorothiazide and 5 mg of amiloride. This differential effect of the 
drugs might be of clinical importance because hypertensive patients are 
particularly endangered by disproportionately high increases in blood 
pressure during physical activity that is equal to the applied ergometric 
work loads. From these findings it is concluded that (1) beta-adrenore- 
ceptor blocking agents are the drugs of first choice in the treatment of mild 
to moderate arterial hypertension, and (2) diuretic drugs potentiate the 
antihypertensive effect of beta blocking agents. 


The use of diuretic and beta adrenergic blocking agents is widespread 
in the treatment of arterial hypertension. In well controlled studies!-1? 
comparisons were carried out with different kinds of beta adrenoreceptor 
blocking and diuretic agents, demonstrating a similar blood pressure- 
lowering effect under resting conditions in patients with mild to mod- 
erate arterial hypertension. However, because hypertensive patients are 
particularly endangered by a disproportionately high increase in blood 
pressure during daily physical activity,!!-!? it seems important to know 
how antihypertensive drugs influence these pressure changes. 

The purpose of the present investigation was to compare the antihy- 
pertensive effect of the beta receptor antagonist acebutolol and of the 
fixed combination of hydrochlorothiazide and amiloride hydrochloride 
on exercise-induced blood pressure increases during and after stan- 
dardized ergometric work in a within-patient study of hypertensive 
patients. In addition, the effect of diuretic drugs in enhancing the anti- 
hypertensive effect of beta receptor blocking agents on elevated exercise 
blood pressure was investigated. 


Methods 


Patients Twenty-four outpatients, 20 men and 4 women aged 24 to 57 years 
(mean 42), participated in the study after giving informed consent. Clinical 
evaluation indicated that all had stage 1 to 2 essential hypertension using criteria 
described by the World Health Organization in 1959. None had ischemic heart 
disease or other disease and none had received previous antihypertensive 
treatment. Blood pressures, when measured by Riva-Rocci-Korotkoff cuff 
method, ranged between 164 + 14 and 106 + 11 mm Hg at rest and 234 + 23 and 
127 + 12 mm Hg during ergometric exercise at 100 watts (612 kpm-min—') (Table 
I). The study included only patients who had hypertensive blood pressure values 
both under resting conditions and during exercise. 

Treatment protocol: After the initial pretreatment study, the patients were 
randomly allotted to two groups. Treatment was then started with a sipgle 
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morning dose of 500 mg of oral acebutolol in one group (I) and 
50 mg of hydrochlorothiazide and 5 mg of amiloride hydro- 
chloride (in one tablet) in the other group (II) with a crossover 
change after 6 weeks. Twelve patients (five in group I and 
seven in group II) with insufficient blood pressure responses 
to acebutolol continued the study for a further 6 week treat- 
ment period with a daily dose of 500 mg of acebutolol com- 
bined with 50 mg of hydrochlorothiazide and 5 mg of amiloride 
hydrochloride. 

Exercise test: At the initial examination and after each 6 
week treatment period the patients were studied under 
identical conditions and with identical technique according 
to the agreement of the Research Committee of the Interna- 
tional Council of Sport and Physical Education for the In- 
ternational Standardization of Ergometry.!* In particular, on 
each occasion the patients exercised at the same time, between 
4 and 6 p.m. Exercise was performed in a semisupine position 
on a bicycle ergometer (ERG 301®, Robert Bosch, Berlin) with 
a pedal frequency of 50 cycles/min, starting at 50 watts with 
a 10 watt increment every minute to a maximum of 100 
watts. 

Blood pressure and heart rate measurements: Blood 
pressure was measured after 5 minutes of rest in the supine 
position and in the standing position 5 minutes after arising. 
During exercise and for 5 minutes thereafter readings were 
taken every minute according to the Riva-Rocci-Korotkoff 
cuff method. All readings were made by the same investigator 
using the same calibrated mercury manometer. Heart rate was 
obtained from the electrocardiogram, which was recorded in 
the last 10 seconds of every minute. 

Statistics: Data in the text are expressed as mean + stan- 
dard deviation. Statistical significance was assessed with 
Student's t test. 


TABLE |! 


Results 


Blood pressure: Acebutolol and hydrochlorothia- 
zide/amiloride hydrochloride resulted in a significant 
(p <0.01, p <0.001) and almost identical reduction in 
blood pressure at rest with the exception of the standing 
diastolic blood pressure (Table I). However, the two 
drugs, had significantly different effects on the blood 
pressure during exercise at all work loads. The systolic 
blood pressure was only insignificantly influenced by 
hydrochlorothiazide/amiloride hydrochloride, whereas 
with acebutolol a significant decrease was observed 
compared with the pretreatment values (p <0.001) as 
well as with blood pressure levels after diuretic therapy 
(p <0.001). The diastolic blood pressure was signifi- 
cantly (p <0.05) decreased by hydrochlorothiazide/ 
amiloride hydrochloride, but the reduction was signif- 
icantly greater with acebutolol (p <0.05, p <0.001) 
(Table I, Fig. 1). In the 5 minutes after work the diastolic 
blood pressure was reduced significantly (p <0.01, p 
<0.001) only by acebutolol, whereas the systolic blood 
pressure was decreased significantly (p <0.05, p <0.001) 
by both drugs although more markedly by acebutolol. 

Heart rate: Heart rate was practically unaltered after 
therapy with hydrochlorothiazide/amiloride hydro- 
chloride both at rest and with exercise. Acebutolol re- 
sulted in significantly (p <0.01) decreased heart rates 
at rest (18.7 percent reduction) and during (19.4 percent 
reduction) and after (22.4 percent reduction) ergometric 
work (p <0.001). 


Blood Pressure Before (Pre) and After Treatment With the Beta Adrenoreceptor Blocking Agent Acebutolol (A) or the Diuretic 
Combination of Hydrochlorothiazide/Amiloride Hydrochloride (D) (mean + standard deviation) (24 patients) 











Rest E . Ergometric Work (watts) After Work (min) 
Supine Standing 60 80 100 1 3 
Systolic Blood Pressure (mm Hg) 
Pre 164.4 166.8 207.1 221.7 233.9 199.6 177.5 166.8 
+ 14.9 + 18.9 d 22.5 + 23.9 + 22.6 + 18.6 + 16.4 + 14.3 
D 152.0 147.4 195.7 210.9 223.0 188.8 165.4 155.4 
+ 14.8! + 16.8! ti 20.1 ti 22.5 ti+ 22.4 ti 16.8 "4. 18/5" + 14.0! 
A 148.9 145.5 176.4 188.5 198.6 174.5 156.0 150.0 
+ 10.5% + 10.7! + 15.3! + 19.1: + 17.2! + 15.3! + 12.0! + 83! 
Diastolic Blood Pressure (mm Hg) 
Pre 106.2 111.3 121.7 124.4 127.3 109.1 107.6 108.7 
+ 10.8 t 113 $ 11.4 + 11.5 + 12.4 + 10.9 + 10.9 + 11.9 
D 98.1 109.4 113.7 119.3 107.7 106.0 106.4 
+ 9.6! + 10.4 ~$ 10.6* "Ax 102 AE 10.87 Ti+ 9.9 ti 11.2 ti 11.0 
A 94.6 101.4 107.6 112.4 99.8 98.2 97.2 
+ 83! + 7.6t + 84! + 11.41 + 11.0! + 7.6! + 7.71 + 7.1? 
Heart Rate (beats/min) 

Pre 74.0 83.5 115.4 136.1 103.9 92.1 89.7 
+ 16.2 + 18.8 + 19.2 + 21.8 + 21.4 + 24.1 + 21.8 + 19.6 
D 75.3 92.0 112.7 131.8 101.3 92.2 89.5 
y+ 14.7 ti 16.2 y+ 19.3 ti 21.0 ti 20.5 t{ + 25.0 ti 19.6 ti + 16.6 
A 61.7 66.1 94.5 101.6 108.3 77.8 72.1 72.9 
+ 92! + 9.6! + 13.8! + 15.95. + 13.6! + 15.2! + 14.5% + 14.4% 


el 


* p <0.05; t p <0.01; t p <0.001. 








Asterisks on the right side denote statistical difference between Pre and D, and between Pre anc A. Asterisks on the left side denote statistical 


significance between D and A. 
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FIGURE 1. Systolic (S.B.P.) and dia- * 
stolic (D.B.P.) blood pressures (mean x 
+ standard deviation) at rest and during 120 
and after ergometric work before and 
after treatment with the fixed diuretic 
combination of hydrochlorothiazide/ 100 
amiloride hydrochloride and the beta 
adrenoreceptor blocking agent ace- 
butolol. The black columns indicate the 
normotensive range of blood pressure 
at 100 watts. rest 


Role of training effect: Figure 2 indicates that the 
differential effect of both drugs on blood pressure 
during exercise is independent of the sequence of ad- 
ministration and not caused by a “carryover” or training 
effect. In 9 of 12 patients in group I starting treatment 
with acebutolol, systolic and diastolic blood pressure at 
100 watts increased again after the crossover to hydro- 
chlorothiazide/amiloride hydrochloride. Identical re- 
sponses to the beta receptor blocking agent and the 
diuretic treatment, respectively, were found in 10 of the 
12 patients in group II starting treatment with hydro- 


chlorothiazide/amiloride by showing a further decrease - 


in blood pressure after the crossover to acebutolol. Thus 
19 of 24 patients had a better response to acebutolol, 
whereas 5 experienced a similar antihypertensive effect 
with both drugs. 

Additive effect of beta blocking agent and di- 
uretic: Acebutolol alone did not achieve a sufficient 
reduction in blood pressure in 50 percent of the patients 
at rest and during and after exercise, although there was 
a significant difference (p «0.01, p «0.001) in the 
control values under all conditions (Table II). After the 
addition of hydrochlorothiazide/amiloride hydrochlo- 
ride there was a further significant (p «0.05, p «0.01) 
reduction in the systolic and diastolic blood pressures 
at rest and after work. During work, the addition of the 
diuretic drugs resulted in a further significant (p «0.05) 
reduction in the diastolic blood pressure, whereas the 
systolic blood pressure was only insignificantly de- 
creased (Fig. 3). The clinical side effects were minimal 
and those to be expected with a beta adrenoreceptor 
blocking agent and a diuretic drug. All patients recov- 
ered without a reduction or interruption of therapy. 


Discussion 


This clinical trial demonstrates clearly that hyper- 
tensive patients are endangered not only by higher 
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FIGURE 2. Changes in systolic (S.B.P.) and diastolic (D.B.P.) blood 
pressures before and after treatment at a work load of 100 watts in all 
24 patients. After the control examination (C), patients in group | (n = 
12) were started on acebutolol (A) therapy with a crossover to hydro- 
chlorothiazide/amiloride hydrochloride (D), whereas patients in group 
I| (n — 12) were started on the latter treatment with a crossover to 
acebutolol. ; 
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TABLE Il 


Blood Pressure Before (Pre) and After Treatment With the Beta Adrenoreceptor Blocking Agent Acebutolol Alone (A) and in 
Combination With the Diuretic Combination of Hydrochlorothiazide/Amiloride Hydrochloride (D) (mean + standard deviation) 
(12 patients) 






































Rest Ergometric Work (watts) After Work (min) 
Supine Standing 60 80 100 1 3 5 
Systolic Blood Pressure (mm Hg) 
Pre 165.3 167.7 213.8 228.0 241.2 203.8 177.7 168.8 
+ 14.7 + 21.2 + 22.1 + 22.4 + 23.0 + 20.0 + 18.1 + 16.2 
A 149.7 147.2 178.3 192.6 204.8 175.7 160.0 154.3 
*i+ 89! Hua 7.5! + 12.7% + 16.9% + 17.8+ + 16.1? + 11.3! nz 7.2! 
A+D 140.0 130.6 170.8 185.3 199.2 166.4 150.5 142.2 
+ 11.3 + 13.4? + 12.7% + 19.6: + 20.2+ + 16.45 + 13.44 + 12.73 
Diastolic Blood Pressure (mm Hg) 
Pre 107.7 113.2 126.1 129.2 132.3 115.7 113.2 114.9 
+ 11.0 + 12.1 + 83 + 9.2 + 9.1 + 9.1 + 10.4 + 11.2 
A 96.2 103.3 109.8 112.2 115.0 103.5 102.5 101.2 
“i£ 8.41 “i+ 8.6° "it 6.7% “1+ 6.9% tx 7.1% Ti+ 5.5i "tix 62! ti 6.0T 
A+D 88.8 95.8 103.2 105.3 105.7 91.8 92.0 92.6 
+ 88! + 10.91 + 8.5! + 921 + 83! + 9.6! + 83! + 53! 
Heart Rate (beats/min) 
Pre 76.3 86.1 118.0 128.8 138.0 104.1 94.0 90.7 
+ 16.4 + 16.3 + 12.6 + 14.0 + 11.2 + 23.0 + 19.8 + 16.8 
A 61.4 65.9 94.8 102.8 110.1 78.0 69.4 67.9 
+ 4.41 + 67! + 89! + 10.4? + 10.1% + 15.9! + 8.6! + 87: 
A+D 60.8 69.3 92.6 100.6 108.2 78.9 73.2 70.9 
+ 7.1! + 7.5! + 8.1: + 9.5+ + 11.31 + 13.0! + 8.8! + 82! 
* = <0.05; t p = <0.01; = p = <0.001. 
See footnote to Table |. 
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blood pressures at rest but especially by larger increases 
in blood pressure during work and a delayed return to 
baseline levels after work.10-12.15.16 The vascular risk of 
hypertension is therefore well characterized by the 
blood pressure values measured during and after work, 
because the risk of arterial hypertension and its vascular 
complications is mainly dependent on the intensity, 
frequency and duration of the increases in blood pres- 
sure produced by physical and emotional stress. 

Diuretic versus beta blocking agents: Diuretic 
therapy also resulted in a reduction in blood pressure 
during exercise, as reported previously.!? However, the 
decrease was significantly greater with administration 
of the beta adrenoreceptor blocking agent, which even 
reduced the systolic blood pressure to values within the 
limits for normotension at 100 watts, a finding consis- 
tent with previous data.19.12.15,18-20 

It is particularly noteworthy that the blood pressure 
decreasing effects of the cardioselective beta adreno- 
receptor blocking agent with intrinsic sympathomimetic 
activity?! and of the diuretic combination of hydro- 
chlorothiazide with the potassium-sparing agent ami- 
loride hydrochloride? were almost identical at rest and 
revealed the same magnitude of reduction reported by 


others.?!-?3 This finding clearly demonstrates that a 
decrease in blood pressure by antihypertensive therapy 
at rest does not mean that the blood pressure is also 
sufficiently decreased during physical activity. In the 
assessment of antihypertensive drugs the response to 
exercise should therefore also be analyzed. 

Exercise heart rate: In our study, as in others,!? 
heart rate during exercise was practically unaltered after 
diuretic therapy, whereas treatment with the beta ad- 
renoreceptor blocking agent resulted in the well estab- 
lished reduction in heart rate, which might be a further 
advantage under certain circumstances, such as hy- 
perkinetic circulation, ischemic heart disease and pre- 
vention of sudden death. 

Implications: These findings suggest that beta ad- 
renoreceptor blocking agents are the drugs of first choice 
in the baseline therapy of mild to moderate arterial 
hypertension. They are recommended especially for 


. treatment of patients who are physically active on the 


job or are engaged in a preventive and rehabilitative 
training program. The additional use of diuretic drugs 
potentiates the antihypertensive effect of beta adre- 
noreceptor blocking agents, as previous investiga- 
tors?2:24?5 have noted. 
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This study was designed to test the hypothesis that the abnormally high 
and abnormally low levels of renin observed in essential hypertension may | 
reflect different levels of sympathetic nervous activity and to evaluate 
the alternative possibility that they are due to different levels of renin 
responsiveness to neurogenic stimuli. Thus, plasma norepinephrine, 
epinephrine and renin activity were measured at rest and during 30 
minutes of head-up tilt in 43 patients with uncomplicated essential hy- 
pertension classified as having high, normal and low plasma renin activity 
during a constant sodium intake of 100 mEq/day. In addition, to investigate 
the renin responsiveness to nonneural stimuli, the same humoral variables 
were measured at rest in 18 patients after dietary sodium restriction. 

While patients were consuming the 100 mEq sodium diet, supine plasma 
norepinephrine and epinephrine concentrations were similar, whereas 
supine plasma renin activity was significantly different among the three 
subgroups. During tilt, 40 percent of patients in the high renin subgroup . 
had vasovagal episodes whereas only 5 percent in the normal renin and 
none in the low renin subgroup experienced similar reactions. Excluding 
the data obtained from patients who fainted, the tilt-induced absolute 
increments in norepinephrine and epinephrine were again similar whereas 
the percent renin responses were significantly greater in the high than | 
in the low renin subgroups. In contrast, sodium deprivation caused similar 
percent increases in supine plasma renin activity without inducing sig- 
nificant changes in plasma norepinephrine and epinephrine. 

To the extent that plasma catecholamine measurements reflect sym- 
pathetic nervous activity, the results incicate that the differences in plasma 
renin activity among patients with essential hypertension cannot be at- 
tributed to differences in neural activity or in ability to produce renin, but 
rather are due to discrepancies in renin responsiveness to neural stimuli. 
Because the renin response to tilt is mediated through the juxtaglomerular 
beta adrenoreceptors, it is possible that patients with high and low renin 
activity have different sensitivities of these receptors to similar adrenergic 
stimulation. 


Although patients with essential hypertension can be classified into high, 
normal and low renin subgroups according to their renin-sodium index, 
the underlying basis for these differences remains debated.! Low renin 
hypertension has variously been attributed to volume expansion,?~4 
possibly as a result of an increased secretion of some unidentified so- 
dium-retaining hormone, to increased intravascular pressure at the 
level of the juxtaglomerular cells? and to nephrosclerosis,® but for various 
reasons none of these explanations are unanimously accepted.? However, 
in high renin hypertension, which has been interpreted as an expression 
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of vascular damage to the kidney,!? the high levels of 
angiotensin are thought to lead to intense vasocon- 
striction, high blood pressure natriuresis and contrac- 
tion of plasma volume.?19.11 Although this sequence of 
events appears likely in patients with malignant hy- 
pertension, high renin profiles have also been shown in 
young patients with very mild, uncomplicated essential 
hypertension.!?!? Because the sympathetic nervous 
system plays an important role in regulating renin re- 
lease,!^ Esler et al.!? proposed that the high and low 
levels of plasma renin activity might be indexes, re- 
spectively, of hyper- and hypoadrenergic activity. In 
support of this view, they showed that patients with 
high and low renin levels have, respectively, higher and 
lower concentrations of plasma norepinephrine than 
those with normal renin levels, both at rest and during 
orthostatic stress. 13-15 | 
Because the recent introduction of sensitive ra- 
dioenzymatic assays has made possible a more accurate 
estimation of circulating catecholamines,!6-18 we un- 


dertook this study to test the validity of this hypothesis : 


by measuring plasma norepinephrine and epinephrine 
concentration, both at rest and during head-up tilt, in 
a group of patients with essential hypertension classified 
as having high, normal and low renin levels during 
controlled sodium balance. In addition, we measured 
plasma renin activity to investigate the alternative 
possibility that the renin subgroups might instead differ 
in renin responsiveness to adrenergic stimulation. The 
tilt maneuver fits this purpose because it has been 


shown in human beings that the tilt-induced renin re- - 


sponse is mediated through the beta adrenoreceptors 
of the juxtaglomerular apparatus.!9.?? Finally, to eval- 
uate the renin responsiveness also to a stimulus believed 
to be nonneurogenic, we measured the same humoral 
variables at rest after dietary sodium restriction. 


Methods 


Patients: Forty-three patients with established essential 
hypertension, 28 males and 15 females (31 white and 12 black 


subjects) aged 16 to 54 years, were included in this study. 
Secondary causes of hypertension were excluded in all pa- 
tients, who were free of associated diseases and of cardiac and 
renal complications related to hypertension; in particular, 
plasma creatinine was within the normal range in all. 

Protocol: After a period of at least 2 weeks without medi- 
cations, patients were admitted to our Clinical Research 
Center where they received a diet containing 100 mEq of so- 
dium and 60 mEq of potassium per day. When metabolic 
balance was achieved, the renin status was defined as high in 
15, normal in 21 and low in 7 patients by relating values of 
plasma renin activity obtained after 2 hours of ambulation to 
the 24 hour urinary sodium excretion as previously de- 
scribed.!° 

Tilt studies were performed the day after renin profiling, 
always between 9 a.m. and noon to minimize diurnal varia- 
tions. Informed consent was obtained in all. 

Patients were put in the supine position in a quiet room 
while the electrocardiogram was continuously recorded and 
a slow infusion of 0.9 percent sodium chloride solution was 
instituted. After 60 minutes baseline sphygmomanometric 
arterial pressure and heart rate measurements were recorded 
and baseline blood samples for plasma renin activity, plasma 
norepinephrine and epinephrine and microhematocrit de- 
terminations were collected. 

The patients were then tilted from the horizontal to the 65° 
headup position; all had been familiarized with this maneuver 
on a previous day. Blood samples were collected after 15 and 
30 minutes of tilt; blood pressure was recorded by sphygmo- 
manometer and heart rate manually every 2 minutes during 
tilt. 

Sodium intake was then reduced to 10 mEq/day in 18 pa- 
tients (6 with high, 7 with normal, and 5 with low renin levels). 
After at least 4 days on this diet, blood pressure, heart rate, 
plasma norepinephrine and renin activity were measured after 
60 minutes of equilibration in the supine position as in studies 
with the 100 mEq sodium diet. 

Measurements: Blood for norepinephrine and epinephrine 
measurements was collected in ice in vacutainers containing 
EGTA and glutathione to prevent coagulation and oxidation. 
These hormones were determined by radioenzymatic assay 
according to the method of Passon and Peuler!$ in the Upjohn 
Laboratory. The limit of sensitivity of this method is, re- 
spectively, 1.8 and 2.8 pg. 


TABLE | 
Clinical Data and Biochemical Indexes in Renin Subgroups of Essential Hypertension in the Supine Position 
Sodium 
Excretion 
Known During 24 Mean Heart Plasma Plasma 
Duration of Hours Blood Rate Norepi- Plasma Renin 
Age Hypertension Before Study Pressure (beats/ nephrine Epinephrine Activity 
(yr) (yr) (mEq/liter) (mm/Hg) min) (pg/ml) (pg/ml) (ng/ml) 

High resin 33.4* ** 5.39*** + 1.3 103 + 11 117 15 721 3 283 + 39 32104 3.9°** 
(n = 15) + 2.6 + 0.6 
(11W/4B) 

(11M/4F) 

Normal renin 45.211 8.1 i- 1.6 8715 128 + 4 7122 270 + 26 35 + 5 1.3711 
(n = 21) = 24 + 0.1 
(16W/5B) 

(15M/6F) : 

Low renin 50.8 16.4+ 2.8 109: 10 12652 12 6813 302 + 42 29 14 0.51 
(n = 7) + 2.0 + 0.2 
(4W/3B) 

(2M/5F) 


. Excluding the data from patients who fainted (see text), the mean values of all measurements remained practically identical. 

*, tand * indicate, respectively, comparison between high and low, high and normal, and normal and low renin subgroups. One symbol denotes 
p «0.05, two symbols p «0.01 and three symbols p «0.001. 

B = black; F = female; M = male; W = white. Results represent mean + standard error of the mean. 
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Biood for plasma renin activity determinations was col- 
lected in Kə EDTA vacutainers and processed at room tem- 
perature to avoid inadvertent activation of prorenin.?! Plasma 
renin activity was determined by radioimmunoassay of an- 
giotensin I after incubation of plasma in the presence of an- 
giotensinase inhibitors according to the method of Sealey and 
Laragh.?? Changes in plasma volume were measured from 
changes in peripheral microhematocrit levels according to the 
following formula: 

P = 100/100 — H; X 100 (He — Hi)H5, 
where P = percent decrease in plasma volume and H; and Ho 
are, respectively, the initial and final packed cell volumes.?? 

Mean blood pressure was calculated as the diastolic pres- 
sure plus one third of the pulse pressure. Duration of hyper- 
tension was computed from the time the patient first recalled 
being told that his blood pressure was elevated. 

Statistical analysis: All results are expressed as mean + 
standard error of the mean. Statistical significance was tested 
by Student's t test for unpaired and paired data; for paired 
analysis each subject served as his own control. Correlation 
coefficients were calculated with the Pearson test. 


Results 


Baseline measurements: The clinical data and 
biochemical indexes observed in the supine position are 
summarized in Table I. Patients with high renin activity 
were younger and those with low renin activity had a 
longer history of hypertension. Twenty-four hour so- 
dium excretion, mean blood pressure and heart rate 
were similar in the three renin subgroups, although 
patients with high renin levels tended to have slightly 
lower systolic and diastolic blood pressures. Mean val- 
ues for norepinephrine and epinephrine, whose overall 
concentrations were, respectively, 277 + 19 and 33 + 3 
pg/ml, were also similar whereas plasma renin activity 


was always significantly different (p «0.01 at least) 
among the subgroups. 

No correlations were found bezween norepinephrine 
or epinephrine and mean blood pressure, heart rate, age 
and duration of hypertension within each subgroup or 
in the overall population, or between renin activity and 
systolic, diastolic and mean blooc pressures, heart rate, 
norepinephrine or epinephrine. 

Response to tilt on 100 mEq sodium intake: During 
tilt six patients with high (40 percent) and one with 
normal renin (5 percent) activity had vasovagal-like 
reactions manifested by nausea, sweating and a sudden 
decrease in heart rate and blood pressure; no similar 
reactions occurred in patients with low renin activity. 
With exclusion cf the data obtained from patients who 
fainted, a similar and slight increase in diastolic blood 
pressure was observed during tilt m the three subgroups; 
in contrast, systolic blood pressure decreased in the 
normal and low renin subgroups to a similar extent (14 
+ 4 and 11 + 7 mm/Hg, respectively), whereas it was 
unchanged in the high renin subgroup. As a result, mean 
blood pressure was significantly higher than control 
values after 30 minutes of tilt in the high renin subgroup 
(p <0.01)(Table II). Mean heart rate response to tilt was 
higher in patients with high rather than low renin levels; 
no correlations were found between the heart rate re- 
sponses and the increments in norepinephrine. 

The mean inerease in noreptnephrine, which was 
similar among the three subgroups, was, in the overall 
population, 228 + 21 and 283 + 22 pg/ml, respectively, 
by 15 and 30 minutes of tilt. The epinephrine responses, 
although not significantly different, were less homo- 
geneous and tended to be greater in patients with high 
renin levels, particularly after 30 minutes of tilt; how- 


30 Minute Tilt 
Low High Normal Low 
Renin Renin Renin Renin 
(n = 7) (n = 9) (n = 20) (n = 7) 
(4W/3B) (7W/2B) (15W/5B) (4W/3B) 
(2M/5F) (7M/2F) (11M/9F) (2M/5F) 
128+9 124/45 130 € 3 1279 
13+ 2 26* +2 2343 18+2 
207 + 50 293 + 33 288 + 40 250 + 43 
2647 54+ 10 3947 34+ 12 
0.17** + 0.05 6.3°* + 22 1.21! + 0.2 0.26** + 0.07 
3244 165* + 35 gst + 16 55+ 15 
9.1+0.7 12.4 Ł 1.6 12.3 40.9 11.1 0.9 


TABLE Il 
Effects of Tilt in the Three Renin Subgroups of Essential Hypertension 
15 Minute Tilt 
High Normal 
Renin Renin 
(n = 9) n = 20 
(7W/2B) (15W/5B) 
(7M/2F) (11M/9F) 
Mean blood 120 + 4 129 t 4 
pressure (mm/Hg) 
Absolute increase in 22* +3 1642 
heart rate (beats/min) 
Absolute increase in 265 + 40 190 + 26 
norepinephrine (pg/ml) 
Absolute increase in 39 + 10 27 4:7 
epinephrine (pg/ml) 
Absolute increase in QU" * 3 1.1 0.61T+ 0.1 
plasma renin activity 
(ng/ml per hour) 
Percent increase in 73* + 13 5419 
plasma renin activity 
Percent decrease in 10.4 € 1.3 10.3 t 1 


plasma volume 


Results represent mean + standard error of the mean. Data from patients who fainted during tilt have been excluced. Symbols and statistical 
significance as in Table |. | indicates values of mean blood pressure higher (p <0.01) than those in supine position. (For further explanation, see 


text.) 
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FIGURE 1. Renin responsiveness to neural and 
nonneural stimuli in high (HREH), normal (NREH) Absol 6 300 
and low (LREH) renin subgroups of essential hy- solute m Pirini 
pertension. The histograms represent the mean increase xe 
+ standard error of the mean of the absolute and in PRA 4 ee 200 !ncrease 
percent increments in plasma renin activity (PRA) eet in PRA 
induced by 30 minutes of 65? head-up tiltand py —ng/ml/h) Sues 
5 days of a 10 mEq/day sodium diet. Control val- 2 Ae 100 
ues are reported, respectively, in Tables | and III. en 
Asterisks indicate the statistical significance of em 0 
the differences in renin responses to tilt between 
the subgroups; one symbol denotes p <0.05, two HREH NREH LREH HREH NREH LREH 
symbols p <0.01. n= 6 7 8^ 6 7 5 
ever, the increments in norepinephrine and epinephrine those in norepinephrine. However, within the normal 
were significantly correlated at both 15 (r = 0.49 p renin group the absolute increases in plasma renin ac- 
<0.01) and 30 minutes (r = 0.34, p <0.05). tivity and norepinephrine were correlated at both 15 
The tilt-induced absolute increments in plasma and 30 minutes (r = 0.57 and 0.60, p <0.01), whereas the 
renin activity were always different among the three statistical significance was lost when patients with high 
subgroups (p <0.01 for all); when expressed as a percent and low renin levels were included in the analysis (Fig. 
of supine values, the mean increase was still significantly 2). No correlation was found between the absolute in- 
different between the high and low renin subgroups at crements in plasma renin activity and duration of hy- 
both 15 and 30 minutes and, at this last determination, pertension or pretilt or tilt-induced increase in diastolic 
even between high and normal subgroups (Fig. 1, upper blood pressure. A weak positive correlation was found 
panel). Therefore, no correlation was found between the between the 15 minute percent increments in plasma 
overall percent increments in plasma renin activity and renin activity and those in heart rate (r = 0.33, p <0.05). 
15 min 
10 
5 
Absolute 
FIGURE 2. Relation between the tilt induced in- increase 
crease in plasma norepinephrine (NE) and renin PRA 1 


activity (PRA). Closed circles represent patients (ng /m| /h) 
with normal renin levels; triangles and squares, 0.5 
respectively, patients with high and low renin 
levels. The statistical significance of the corre- 
lation between the two variables within the normal 
renin group is indicated. No correlation was found 0.1 
when the entire population was considered. (For 
further explanations, see text.) Absolute increase NE (pg/ml) 
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The calculated changes in plasma volume during tilt 
were similar in the three renin subgroups. 

Age was positively correlated with the duration of 
hypertension (r = 0.47, p <0.01) and negatively corre- 
lated with the overall supine plasma renin activity (r = 
—0.37, p <0.05). It was also negatively correlated with 
the response, in absolute values, of renin to tilt (r = 
—0.42, p <0.01 for 15 minutes of tilt, and r = —0.32, p 
<0.05 for 30 minutes) and with the heart rate response 
to tilt (r = —0.33, p <0.05 for 15 minutes and r = —0.44, 
p <0.01 for 30 minutes). 

Response to sodium restriction: The reduction of 
sodium intake to 10 mEq/day caused similar and sig- 
nificant decrements in body weight in the three 
subgroups (Table III); also, a slight decrease in supine 
blood pressure was observed, which was more pro- 
nounced and statistically significant only in patients 
with low renin levels, whereas heart rate increased only 
in patients with high renin levels. Supine plasma nor- 
epinephrine and epinephrine levels were unchanged in 
all the subgroups with respect to values observed with 
a sodium intake of 100 mEq/day, whereas the incre- 
ments in plasma renin activity were always significant 
and, in absolute values, higher in patients with high 
than in those with low renin levels (Fig. 1, lower panel). 
However, when expressed in percent of the values ob- 
served in the same position before sodium restriction, 
the increments in renin were lower in patients with high 
than with normal or low renin levels (respectively, 97 
+ 24, 269 + 131 and 257 + 106 percent). No correlation 
was found between age and the response, in absolute 
values, of plasma renin activity to sodium depriva- 
tion. 


Discussion 


Renin responsiveness to adrenergic stimulation: 
Our first important observation is that plasma norepi- 
nephrine and epinephrine concentrations were similar 
in patients with high, normal or low renin levels both in 
the supine position and during tilt. Thus, if we accept 


TABLE iil 


that plasma catecholamines reflect sympathetie nervous 
activity, 17.152476 then our data clearly indicate that 
the three renin subgroups of essential hypertension, 
when matched for sex, race and blood pressure level, 
and under controlled conditions of sodium balance, 
exhibit similar levels of sympathetic activity. A second 
point of interest is that the two procedures used to 
stimulate renin release, tilt and sodium depletion, 
produced different response patterns among the renin 
subgroups. Thus, during tilt patients with low renin 
levels showed a smaller percent increase in renin than 
did patients with high renin levels but a similar or even 
greater increase during sodium depletion. Evidence that 
the renin response to tilt is mediated neurogenically 
comes from work by Davies and Slater!? and ourselves??; 
however, the increases in renin during this degree of 
sodium restriction are probably independent of neural 
mechanisms because they were not associated with in- 
creases in plasma catecholamines and, as shown by 
Bravo et al.,?7 cannot be prevented by prior beta ad- 
renergic blockade. Therefore, our results indicate that 
the diminished renin response of patients with low renin 
levels to tilt is not merely due to an inability of the 
kidneys to produce renin or to a generalized hypo- 
sensitivity to any type of stimulus but rather it reflects 
the fact that patients with high and low renin hyper- 
tension differ specifically in renin responsiveness to 
adrenergic stimulation. In addition, because the cor- 
relation between norepinephrine and renin responses 
to tilt was present in patients with normal renin levels 
but was lost when data from patients with high and low 
renin levels were included in the analysis, these two 
subgroups of patients apparently represent the opposite 
extremes in the spectrum of sensitivity to the neural 
stimulus. 

Because the increments of plasma catecholamines in 
peripheral venous blood reflect only the generalized 
tilt-induced increase in sympathetic nervous activity, 
it could be questioned whether the increase in the ad- 
renergic output on the juxtaglomerular apparatus was 


Clinical Data and Biochemical Indexes in Renin Subgroups of Essential Hypertension in Supine Position Before (B) and After 


(A) Dietary Sodium Deprivation 


Sodium 
Excretion Mean 
in 24 Hours Blood 
Weight Before Study Pressure 
(kg) (mEq) (mm Hg) 
High renin B 64.3* + 3.0 102 + 11 124+ 8 
(n 768 
(5W/1B) A 63.1? + 2.8 2206 118 9 
(2M/4F) 
Normal renin B 66.3 + 3.8 10117 128 t7 
(n = 7) 
(4W/3B) A 65.65 + 3.8 14 43 123 24 
(SM/4F) 
Low renin B 80.7 t 7.0 85 4 11 105+ + 2 
(n = 5) 
(2W/3B) A 79.75 + 7.2 28 +7 9655 + 3 
(1M/4F) 


Heart Plasma Plasma 
Rate Norepi- Plasma Renin 
(beats/ nephrine Epinephrine Activity 
min) (pg/ml) (pg/ml) (ng/ml) 
775 296 + 48 39+9 5.1** 1.0 
86 15 306 + 35 38 + 10 10.18 4 2.2 
75 3 284 + 46 35 + § 1.177 + 0.1 
7344 322 + 52 42+ 18 3.35 + 0.6 
7344 348 + 54 24 23 0.5 t 0.1 
75 X4 318 + 62 2208 1.75 + 0.6 


Abbreviations, symbols and statistical significance as in Tables | and II. $ indicates the statistical significance of the changes induced by sodium 


deprivation within each subgroup. 
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also similar among the subgroups. However, the simi- 
larities in epinephrine responses and their correlations 
with those of norepinephrine can be taken as an index 
of similar increases in sympathetic nervous activity in 
the splanchnic area. 

Factors determining renin responsiveness: Age, 
duration of hypertension and blood pressure levels have 
all been suggested as determinants of renin respon- 
siveness.!28-32 Age must clearly be considered a factor, 
because it was significantly correlated with both supine 
renin and tilt-induced renin increments. These corre- 
lations are in keeping with the well known fact that 
patients with low renin levels tend to be older and to 
have a longer history of hypertension than patients with 
high renin levels.!? However, it seems unlikely that age 
itself can account for the observed differences in renin 
activity, because renin levels change little with age in 
normotensive people,?! except at the extremes. One 
possible explanation for the observed differences in 
renin responsiveness to the adrenergic stimulation be- 
tween patients with high and those with low renin levels 
is that these subjects have, respectively, an enhanced 
and diminished sensitivity of the renal beta adrenore- 
ceptors. Although the causes of these differences cannot 
be established from the present work, several published 
observations support this hypothesis; thus, when the 
antirenin effect of propranolol was first described by 
Bühler et al.,?? it was found that the renin levels were 
suppressed by 80 percent in patients with high renin but 
only by 65 percent in patients with low renin levels. Also, 
in normotensive subjects it has been claimed that the 
number of beta adrenoreceptors declines with age,?* and 
the same has been found for cardiac beta adrenore- 
ceptors in rats with different forms of experimental 
hypertension.?? All of these situations are associated 
with an increase in the circulating level of plasma cat- 
echolamines; because we did not find any differences 
in catecholamine levels in our patients, we must be 
cautious in attributing the differences in responsiveness 
to adrenergic stimulation to differences in beta adre- 
noreceptor populations. 


Cardiac and renal beta receptor responses in 
high versus low renin subgroups: The similarity in 
the patterns of response observed in heart rate and 
renin during tilting suggests that both cardiac and renal 
beta receptors are more responsive to neural stimulation 
in patients with high than in those with low renin levels: 
this possibility is supported by the observation that 
these two subgroups also have different cardiac sensi- 
tivities to isoproterenol stimulation.2® However, other 
factors, such as parasympathetic tone and angiotensin, 
could also contribute to the greater changes in heart rate 
seen during tilting in patients with high renin levels. 
Thus these patients might have had a lesser vagal re- 
straint similar to that demonstrated by Esler et al.!2 and 
Julius et al.?7 in patients with high renin borderline 
hypertension; however, the increase in heart rate during 
tilt is due to a greater degree of sympathetic stimulation 
than of parasympathetic withdrawal,?? which, indeed, 
seems particularly reduced or absent in this subgroup 
considering the frequency of the vasovagal syncopes. 
Also, parasympathetic tone decreases with age,?? and 
this fact coupled with parallel changes in cardiac beta 
adrenoreceptor sensitivity could explain why the three 
renin subgroups had similar heart rates at rest. A more 
likely hypothesis is that angiotensin may have con- 


_ tributed to the higher heart rate response and to the 


unchanged systolic blood pressure during tilt? in the 
high renin subgroup. Others*! have noted that older 
normal subjects tend to show a greater decrease in sys- 
tolic pressure during tilt. 

Implications: Our data are not consistent with the 
hypothesis that high renin hypertension is characterized 
by an increased level of sympathetic nervous activity, 
and low renin hypertension by a decreased level, as 
suggested by Esler et a1.1?:15 They suggest instead that 
the different response in the renin subgroups may be 
due to different sensitivities of the renal beta adreno- 
receptors to adrenergic stimulation. 


Acknowledgment 


We are greatly indebted to Patricia Sullivan for her skillful 
assistance. 


References 


1. Mitchell JR (moderator). N.I.H. Conference: Renin-aldosterone 
profiling in hypertension. Ann Intern Med 1977;87:596-612. 

2. Laragh JH. Vasoconstriction-volume analysis for understanding 
and treating hypertension: the use of renin and aldosterone profiles. 
Am J Med 1973;55:263-74. 

3. Vaughan ED Jr, Laragh JH, Gavras H, et al. Volume factor in low 
and normal renin essential hypertension: treatment with either 
spironolactone or chlorthalidone. Am J Cardiol 1973;32:523- 
32. 

4. Jose A, Crout J, Kaplan NM. Suppressed plasma renin activity in 
essential hypertension. Ann Intern Med 1970;72:9- 16. 

5. Spark RF, Melby JC. Hypertension and low plasma renin activity: 
presumptive evidence for mineralocorticoid excess. Ann Intern 
Med 1971;75:831-6. 

6. Sennet JA, Brown RD, Island DP, et al. Evidence for a new min- 
eralocorticoid in patients with low renin essential hypertension. 
Circ Res 1975;36:Suppl I:l- 1-9. 

7. Schalekamp MA, Schalekamp-Kuyken MP, Birkenhager WH. 
Abnormal renal hemodynamics and renin suppression in hyper- 
tensive patients. Clin Sci 1970;38:101- 10. 


8. Swales JD. Low renin hypertension: nephrosclerosis? Lancet 
1975;1:75-7. 

9. Dunn MJ, Tannen RL. Low renin hypertension. Kid Inter 1974;5: 
317-25. 

10. Brunner HR, Laragh JH, Baer L, et al. Essential hypertension: renin 
and aldosterone, heart attack and stroke. N Engl J Med 1972; 
286:441-9. 

11. Weidmann P, Hirsch D, Beretta-Piccoli C, Reubi CF, Ziegler WH. 
Interrelations among blood pressure, blood volume, plasma renin 
activity and urinary catecholamines in benign essential hyperten- 
sion. Am J Med 1976;62:209- 18. 

12. Esler MD, Julius S, Randall OS, Ellis NC, Kashima T. Relation of 
renin status to neurologic vascular resistance in borderline hy- 
pertension. Am J Cardiol 1975;36:708- 15. 

13. Esler M, Julius J, Zweigler A, et al. Mild high-renin essential hy- 
pertension. N Engl J Med 1977;296:405- 11. 

14. Davis JO, Freeman RH. Mechanisms regulating renin release. 
Physiol Rev 1976;56:1-56. 

15. Esler M, Randall O, Bennet J, Zweigler A, Julius S, Rydeleck P. 
Suppression of sympathetic nervous function in low renin essential 


August 1980 The American Journal of CARDIOLOGY Volume 46 311 


RENIN AND SYMPATHETIC RESPONSIVENESS IN ESOENIIAL TTTFECHICINOMJIN-IVIRUPRAPAIN FE EI me. 


16. 


24. 


25. 


26. 


27. 


28. 


312 


hypertension. Lancet 1976;2:115-8. 

Passon PG, Peuler JD. A simplified radiometric assay for plasma 
norepinephrine and epinephrine. Anal Biochem 1973;51:618- 
31. 


. De Champlain J, Farley L, Cousineau D, Van Ameringer MR. 


Circulating catecholamine levels in human and experimental hy- 
pertension. Circ Res 1976:38:109- 14. 


. Kopin IJ (moderator). N.I.H. Conference: plasma levels of nor- 


epinephrine. Ann Intern Med 1978;88:67 1-80. 


. Davies R, Slater JDH. Is the adrenergic control of renin release 


dominant in man? Lancet 1976;2:594-6. 


. Morganti A, Lopez-Ovejero JA, Pickering TG, Laragh JH. The role 


of the sympathetic nervous system in mediating the renin response 
to head-up tilt. Their possible synergism in defending blood pres- 
sure against postural changes during sodium deprivation. Am J 
Cardiol 1976;43:600-4. 


. Sealey JE, Moon C, Laragh JH, Alderman M. Plasma prorenin: 


cryoactivation and relationship to renin substrate in normal 
subjects. Am J Med 1976;51:731-8. 


. Sealey JE, Laragh JH. How to do a plasma renin assay. Cardiovasc 


Med 1977;2:1079-92. 


. Davies R, Slater JDH, Forsling ML, Payne N. The response of 


arginine, vasopressine and plasma renin to postural change in man 
with observation on syncope. Clin Sci 1976;51:267-74. 

Lake CR, Ziegler MG, Kopin IJ. Use of plasma norepinephrine for 
evaluation of sympathetic neuronal function in man. Life Sci 
1976;18:1315-25. 

Irving MN, Britton BJ, Wood WG, Padgham C, Carruthers M. Ef- 
fects of -adrenergic blockade on plasma catecholamines in ex- 
ercise. Nature 1974;248:531-3. 

Yamaguchi N, De Champlain J, Madeau R. Correlation between 
the response of the heart to sympathetic stimulation and the release 
cf endogenous catecholamines into the coronary sinus of the dog. 
Circ Res 1975;36:662-9. 

Bravo EL, Tarazi RC, Dustan HP. On the mechanism of suppressed 
plasma renin activity during beta-adrenergic blockade with pro- 
pranolol. J Lab Clin Med 1974;83:119-28. 

Tuck ML, Williams GH, Cain JP, Sullivan JM, Diuhy RG. Relation 
of age, diastolic blood pressure and known duration of hypertension 
to presence of low renin essential hypertension. Am J Cardiol 
1973;32:637-42. 


29. 


30. 


31. 


32. 


33. 


34. 
35. 


36. 


37. 


38. 


39. 
40. 


41. 


August 1980 The American Journal of CARDIOLOGY Volume 46 


Schalekamp MA, Krauss XH, Schalekamp-Kuyken MPA, Kolsters 
G, Birkenhager WH. Studies on the mechanism of hypernatriuresis 
in essential hypertension in relation t measurement of plasma 
renin concentration, bedy fluid compartments and renal function. 
Clin Sci 1971;41:219—31. 

Padfield PL, Beevers DG, Brown Jl, et al. Is low renin hypertension 
a stage in the development of essential hypertension or a diagnostic 
entity? Lancet 1975;1:548-55. 

Noth R, Lassman N, Tan SY, Fernandez-Cruz A, Murlow PJ. Age 
and the renin-aldosterone system. Arch Intern Med 1977;137: 
1414-7. 

McDonald RH Jr, Corder CN, Vagnucci AH, Schuman J. The : 
multiple factors affecting plasma renin activity in essential hy- 
pertension. Arch Intern Med 1978;138:557-61. 

Bühler FR, Laragh JH, Baer L, Vaughan ED Jr, Brunner HR. Pro- 
pranolol inhibition of renin secretion. N Engl J Med 1972;287: 
1209-14. 

Schochen DD, Roth GS. Reduced (-adrenergic receptor con- 
centrations in aging man. Nature 1977;267:856-8. 

Woodcock EA, Funder JW, Johnston Cl. Decreased cardiac 
B-adrenoreceptors in hypertensive rats. Clin Exp Pharmacol Physiol 
1978;5:545-50. 

Bühler FR, Bertel O, Kiowski DW. Plasma noradrenaline and 
adrenaline and {-adrenoreceptor responsiveness in renin | 
subgroups of essential hypertension. Clin Sci Mol Med 1978;55: 
57s-60s. 

Julius S, Pascual AV, London R. Role of parasympathetic inhibition 
in the hyperkinetic type of borderline hypertension. Circulation 
197 1;44:413-8. 

Robinson BF, Epstein SE, Beiser GD, Braunwald E. Control of 
heart rate by the autonomic nervous system. Circ Res 1966; 19: 
400-11. 

Nalefski LA, Brown CFG. Action of atropine on the cardiovascular 
system in normal persons. Arch Intern Med 1978;86:898-907. 
Bunag RD. Circulatory effects of angiotensin. In: Page IN, Bumpus 
FM, eds. Handbook of experimental pharmacology. Berlin: 
Springer-Verlag, 1974:441. 

Norris AH, Shock NW, Yiengst MJ. Age changes in heart rate and 
blood pressure responses to tilting and standardized exercise. 
Circulation 1953;8:521-6. 





What happens when they both need it? 


Does your hospital have 
enough defibrillator/monitors? 

In a building full of sick people, 
it is by no means unusual to experi- 
ence an urgent need for more than 
one defibrillator/monitor at any 
given moment. It is quite possible 
for cardiac emergency to strike any 
room, any floor, any time. And 
when it does, you want to be able 
to respond as rapidly as possible, 
without jeopardizing the safety 
of any other patient, without 
compromising the ability of any 
other department to deal with 
cardiac emergency. 


Only Phy 


makes the Lifepak? 


| is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 U.S.A. 
- (206) 881 -4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 


The time to make sure you re 
adequately equipped is now. One 
of our representatives will be happy 
to help you survey your need for 
acute cardiac care systems. We ve 
said it before and we'll say it again: 
we dont wish to sell you a single 
unit more than you actually need. 
But we also don't think 
you should try to 
get by with a single 
unit less. 

Does your 
hospital have 
enough defibril- 
lator/monitors? 
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You get line and flicker free images of the moving heart, capturable in 
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Structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 

Doctor and system interact. Segments of the study may be dealt with and 
perfected without disturbing the whole. Adequate data is obtainable during the first 
patient examination, saving valuable time. Serial studies are assured consistent data. 
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To 4'2 MILLION HYPERTENSIVE 
PATIENTS, THIS IS USUALLY THE ONLY SIGN 
THAT INDERAL D WORKING. 


(PROPRANOLOL HC!) 


A modest reduction in pulse rate: usually 
‘the first sign that INDERAL is at work. 
Mode of action, yes. Side effect, no. Because 
it is generally accepted that even heart rates 
as low as 50 to 55 beats per minute, in otherwise 
asymptomatic patients, are not usually a cause 
for concern. The real side effects* associated 
with INDERAL occur so infrequently that today 
over 4% million hypertensive patients are 
doing well on regimens built around INDERAL. 
To their physicians, the signs are 
even more encouraging... 
because INDERAL, alone or in combination 
with other agents, has established a remarkable 
record of blood pressure control. Another 
encouraging sign: increased dosage usually does 
not produce proportional decreases in heart rate. 
Proper patient selection is important: 
INDERAL should be employed only in the 
absence of congestive heart failure, sinus brady- 
cardia, or heart block greater than first degree.* 
But in most patients, the initial signs of its 
effect will be reflected in subsequent signs of 
effectiveness: significantly lowered blood 
pressure. 


Effective in b.i.d. dosage 

For most patients twice-daily dosing of INDERAL 
is effective in maintaining blood pressure 
reduction throughout the day. Some patients 

on lower doses may experience a modest rise in 
blood pressure at the end of a 12-hour interval. 
Larger doses, or t.i.d. dosing, should re-establish 
control. 
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*Please see the following page for brief summary of prescribing 


information on warnings, including avoidance of abrupt withdrawal, 
contraindications, and adverse reactions. 
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BRIEF SUMMARY 

(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
Inderai® BRAND OF 

propranolo! hydrochloride 

A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADFENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
The mechanism of the antihypertensive effects of INDERAL has not been established. 
Among the factors that may be involved in the antihypertensive action are (1) decreased 


carciac output, (2) inhibition of renin release by the kidneys, and (3) diminution of tonic sym- 


pathetic nerve outflow from vasomotor centers in the brain. 


Propranolol hydrochloride decreases heart rate, cardiac output, and blood pressure. Àl- 
though total peripheral vascular resistance may increase initially, it readjusts to the pretreat- 
ment level, or lower, with chronic usage. Earlier studies indicate that plasma volume remains 
unchanged or may decrease. However, there are certain more recent studies suggesting 


that nthe absence of sodium restriction, plasma volume may increase. 
INDICATIONS 


INDERAL is indicated in the managemen: of hypertension. It is usually used in combination 
with other drugs, particularly a thiazide diuretic. INDERAL is not indicated for treatment of 


hypertensive emergencies. 
CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronch al asthma; 2) allergic rhinitis during the pollen sea- 
son; 3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock. 5) right 


ventricular failure secondary to pulmonary hypertension; 6) congestive heart failure (see 


WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and 


during the two week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory 


function in congestive heart failure, and inhibition with beta-blockade always carries the po- 
tential hazard of further depressing myocardial contractility and precipitating cardiac fail- 
ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle #.e., that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 


conduction. 


IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 


myocardium over a period of time can, in some cases, lead to cardiac failure. In rare in- 
stances, this has been observed during INDERAL therapy. Therefore, at the first sign or 


. symptom of impending cardiac failure, patients should be fully digitalized and/or given a 


diuretic, and the response observed closely: a) if cardiac failure continues, despite ade- 

quate digitalization and diuretic therapy, INDERAL therapy should be immediately with- 

drawn; b) if tachyarrhythmia is being controlled. patients should be maintained on com- 
‘bined therapy and the patient closely followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardia! infarction, following abrupt discontinuation of 


INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 


should be gradually reduced and the patient carefully monitored. In addition, when 
INDERAL is prescribed for angina pectoris, the patient should be cautioned against 


interruption or cessation of therapy without the physician's advice. If INDERAL therapy 


is interrupted and exacerbation of angina occurs, it usually is advisable to reinstitute 
INDERAL therapy and take other measures appropriate for the management of unsta- 
ble angina pectoris. Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol for other indications. 





IN FATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 


have not been adequately appraised. Special consideration should be given to 


propranoiol's potential for aggravating congestive heart failure. Propranolol may mask the 
clinical signs of developing or continuing hyperthyroidism or complications and give a false 
impression of improvement. Therefore, abrupt withdrawal of propranolol may be followed by 
an exacerbation of symptoms of hyperthyrcidism, including thyroid storm. This is another 


reason for withdrawing propranolol slowly. Propranolo! does not distort thyroid function 
tests. 


IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 


requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
' propranoiol. 


IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function. beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 


octurring during anesthesia. 


INDERAL should be withdrawn 48 hours prior to surgery at which time all chermcal and phy- 
siologic effects are gone according'to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of bete receptor agonists, its effects can 
be reversed by administration of such agents, e.g., isoproterenol or levarterenc'. However, 
such patients may be subject to protracted severe hypotension Difficulty in restarting and 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g.. CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of 
beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, .:NDERAL may prevent the appearance of premonitory signs 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia. This is especially 
important to keep in mind in patients with labile diabetes. Hypoglycemic attacks may be ac- 
companied by a precipitous elevaticn of blood pressure 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that 
the possible risk to mother and/or fetus be weighed against the expected therapeutic bene- 
fit. Embryotoxic effects have been seen in animal studies at doses about 10 times the maxi- . 
mum recommended human dose 


PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action cf this drug 
may then produce an excessive reduction of the resting sympathetic nervous activity. Occa- 
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Left ventricular myotomy and myectomy was carried out in nine patients 
with obstructive hypertrophic cardiomyopathy solely because of a pre- 
viously documented episode of cardiac arrest. Before cardiac arrest, each 
patient had either no or only minimal functional limitation and therefore 
would not have met the usual criteria for operation, namely, severe 
symptoms unresponsive to medical therapy. Of the nine patients, one died 
in the perioperative period, and one died suddenly and unexpectedly 9 
months postoperatively. The remaining seven patients have survived 9 
months to 5.5 years after operation; six of the seven are asymptomatic 
and one has only mild symptoms. Operation resulted in a marked decrease 
or abolition of the left ventricular outflow gradient under basal conditions 
in seven of the eight patients studied postoperatively. Significant residual 
outflow obstruction was demonstrated after operation in the patient who 
later died. 

Sudden death in patients with obstructive hypertrophic cardiomyopathy 
appears usually to result from ventricular arrhythmia, and prevention of 
recurrent fatal arrhythmia is the goal of treatment in patients who have 
had cardiac arrest and have been resuscitated. Such patients should be 
treated indefinitely with antiarrhythmic drugs. In addition, when severe 
outflow obstruction is present, we postulate that effective operative relief 
of obstruction and consequent reduction of left ventricular systolic pres- 
sure will provide additional protection. 


Combined left ventricular myotomy and myectomy has been shown to 
be beneficial in patients with obstructive hypertrophic cardiomyopathy 
by producing relief of left ventricular outflow tract obstruction and 
amelioration of symptoms.!-9 Over a 19 year period, 260 patients with 
obstructive hypertrophic cardiomyopathy were operated on at the Na- 
tional Heart Institute. In virtually all of these patients, operation was 
performed because of severe functional limitation unresponsive to 
medical therapy, accompanied by marked obstruction to left ventricular 
outflow. However, operation was also carried out in nine patients with 
no or minimal functional limitation because they had previously expe- 
rienced, and survived, cardiac arrest. A description of the clinical features 
and courses of these nine patients is presented in the report that fol- 
lows. 


Preoperative Clinical Findings 


Patients: At the time of operation the nine patients who had survived cardiac 
arrest ranged in age from 12 to 54 years (mean 35); six were men or boys and three 
were women. In five of the nine patients the diagnosis of obstructive hypertrophic 
cardiomyopathy had been made before cardiac arrest, and at the time of arrest 
each of these five patients was receiving a cardioactive drug (propranolol, 
quinidine or disopyramide) because of mild symptoms (syncope in one patient, 
fatigue in another one) or arrhythmia (paroxysmal atrial fibrillation in one pa- 
tient and premature ventricular complexes in two). In the four other patients 
the diagnosis was made for the first time after cardiac arrest; these patients had 
been asymptomatic. Six of the nine patients in this study had family members 
with echocardiographic or clinical evidence, or both, of obstructive hyper- 
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trophic cardiomyopathy; two patients had first degree rela- 


tives who had died suddenly of the disease. 

Circumstances of cardiac arrest: Cardiac arrest occurred 
suddenly and without warning in each of the nine patients. 
Collapse occurred during mild activity in six patients, and 
during or immediately after moderate to severe exertion in 
three patients. In each instance a bystander was fortuitously 
available to perform cardiopulmonary resuscitation. The 
rescue team documented ventricular fibrillation in eight pa- 
tients and ventricular tachycardia in the other; in the latter 
patient the ventricular rhythm was rapid and chaotic and 
resulted in circulatory collapse. 

Six patients recovered frem cardiac arrest without early or 
late neurologic sequelae. The other three patients were co- 
matose for periods of 2 days to 2 weeks after the episode; two 
of these patients ultimately had apparently complete neuro- 
logic recovery, while the remaining patient, a 23 year old col- 
lege student, suffered loss of intellect and could only resume 
his education at the high school level. 

Electrocardiographic findings: In six of the nine patients 
electrocardiograms recorded before cardiac arrest were 
available for study. No specific electrocardiographic pattern 
differentiated these patients from most other patients with 
obstructiye hypertrophic cardiomyopathy.’ The most com- 
mon abnormalities were left ventricular hypertrophy, S-T 
segment and T wave abnormalities, Q waves and left axis 
deviation. In addition, one patient had the Wolff-Parkin- 
son-White pattern, and two had had paroxysmal atrial fi- 
brillation. In two patients, 24 hour ambulatory electrocar- 
diographic monitoring had been performed before cardiac 
arrest. One of these patients (Case 8) showed multifocal pre- 
mature ventricular complexes, and the other (Case 5) had four 
runs of ventricular tachycardia and 5,183 premature ven- 
tricular complexes during the 24 hour monitoring period. 
Neither patient was receiving an antiarrhythmic drug during 
the period of monitoring. 

Hemodynamic findings: Right and left heart catheter- 
ization was performed preoperatively in each of the nine pa- 
tients (Table I). The peak systolic left ventricular outflow 
gradient ranged from 9 to 105 mm Hg (average 49) under basal 
conditions, and was greater than 50 mm Hg in five patients. 
In the four other patients with a gradient at rest of less than 
50 mm Hg, gradients of 40 to 135 mm Hg were produced by 


provocative interventions (the Valsalva maneuver, amyl ni- 
trite inhalation or isoproterenol infusion). Left ventricular 
end-diastolic pressure ranged from 9 to 30 mm Hg (average 
21) and was abnormal (greater than 12 mm Hg) in seven of the 
nine patients. 

Echocardiographic findings: Echocardiograms were 
obtained preoperatively in each of the nine patients (Table 
I). Ventricular septal thickness (measured just below the 
caudal margin of the mitral leaflets) ranged from 17 to 41 mm 
(mean 27). In seven patients septal thickness was 20 mm or 
more and in the remaining two patients it was 17 and 19 mm, 
respectively. Ventricular septal to left ventricular free wall 
thickness ratios ranged from 1.3 to 2.7 (mean 2.0). Eight of the 
nine patients had systolic anterior motion of the anterior 
mitral valve leaflet under basal conditions. The left atrial 
dimension ranged from 24 to 63 mm (mean 48), and was in- 
creased relative to body surface area in eight of the pa- 
tients. 

Operative methods: Each of the nine patients underwent 
left ventricular myotomy and myectomy. The technical details 
of this operation have been described? previously and will not 
be considered here. At the time of operation, 1 to 9 months 
(average 4) after cardiac arrest, each patient was receiving 
propranolol; six of the patients were also taking another 
antiarrhythmic agent (quinidine, procainamide or disopy- 
ramide). With the exception of the two earliest operations in 
the series, propranolol was administered up to the time of 
induction of anesthesia. 


Results 


Postoperative course: The periods of hospitaliza- 
tion after operation ranged from 10 to 13 days. The 
postoperative period was free of serious complications 
in seven of the nine patients. One patient died 2 days 
after operation with low cardiac output; no anatomic 
cause of death was evident at autopsy. Complete heart 
block requiring insertion of a permanent pacemaker 
developed in one patient. The eight patients who sur- 
vived operation were treated postoperatively with 
propranolol, quinidine, procainamide or disopyramide, 
and have continued to take such antiarrhythmic agents 
during the follow-up period. 


Echocardiographic and Hemodynamic Data in Nine Patients With Obstructive Hypertrophic Cardiomyopathy and Preoperative 


TABLE ! 
Cardiac Arrest 
Case Case Case 
Age at Op 1 2 3 
(yr)/sex 12M 23F 47F 
Echocardiogram (preop) 
VS (mm)/PW (mm) 19/12 29/11 31/15 
VS/PW ratio 1.6 2.6 2.0 
SAM (at rest)* 4+ 4+ 2+ 
LA (mm) 24 50 44 
Hemodynamic data 
LVOT gradient (mm Hg; 
basal/provoked) 
Preop 70/- 20/40 5/80 
Postop 0/5 0/25 0/10 
LVEDP (mm Hg) 
Preop 20 30 30 
Postop 10 40 30 


Case Case Case Case Case Case 
4 5 6 7 8 9 
54M 24M 39M 28M 40M 49M 
17/13 22/15 20/1 32/16 41/15 32/14 
1.3 1.5 2.0 2.0 27 2.3 
0 3+ 1+ 1+ 3+ 3+ 
52 44 53 50 63 42 
10/135 80/120 15/100 80/120 60/90 105/. 
0/30 40/100 0/15 10/25 0/40 Cr 
23 9 28 30 13 10 
26 12 22 24 12 ; 


* Grading system for magnitude of systolic anterior motion of the mitral leaflet (SAM): from 1+ (slight anterior motion) to 4+ (prolonged contact 
between anterior leaflet and ventricular septal endocardium consistent with marked obstruction to left ventricular outflow). 

LA = left atrial dimension; LVEDP = left ventricular end-diastolic pressure; LVOT = left ventricular outflow tract; Op = operation; Postop = 
postoperative; Preop = preoperative; PW = posterior left ventricular free wall; VS = ventricular septum; VS/PW = ventricular septal to posterior 


left ventricular free wall thickness; . .. = data not available. 
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Cardiac catheterization: This procedure was per- 
formed 6 months postoperatively in the eight patients 
who survived operation (Table I). In seven patients the 
outflow pressure gradient was abolished or substantially 
reduced by operation (Fig. 1). There was no left ven- 
tricular outflow tract gradient under basal conditions 
in six patients and a gradient of 10 mm Hg was recorded 
in another; the systolic gradient at rest was 40 mm Hg 
in Patient 5, who later died. In each of the eight patients 
an outflow gradient was elicited or increased with pro- 
vocative maneuvers. In seven patients the highest pro- 
voked gradient ranged from 5 to 55 mm Hg (average 26), 
but in Patient 5 a peak systolic gradient of 100 mm Hg 
was recorded with isoproterenol infusion. Of the seven 
patients with an abnormal left ventricular end-diastolic 
pressure preoperatively (range 20 to 30 mm Hg), the 
postoperative end-diastolic pressure was reduced in 
three, unchanged in two and increased in two. 

Echocardiographic findings: Echocardiographic 
studies were performed 6 months to 5 years postoper- 
atively in six patients. Ventricular septal thickness 
ranged from 5 to 17 mm (mean 13), and was 4 to 14 mm 
(mean 9) less than the preoperative value. Posterior left 
ventricular free wall thickness ranged from 8 to 14 mm, 
and was unchanged relative to the preoperative value 
in five of the six patients and decreased by 4 mm in one 
patient. In five of the six patients systolic anterior mo- 
tion of the anterior mitral leaflet was either absent or 
mild, and in four of these five patients it was clearly 
reduced in magnitude compared with that in the pre- 
operative echocardiogram (Fig. 2). Patient 5 showed 
marked systolic anterior motion both before and after 
operation. The postoperative transverse left atrial di- 
mension was unchanged from the preoperative value in 


LEFT VENTRICULAR OUTFLOW GRADIENT- BASAL (mm Hg) 


0 LLLI 
PRE-OP 
FIGURE 1. Peak systolic left ventricular outflow tract pressure gradients 
measured (under basal conditions) preoperatively (PRE-OP) and post- 
operatively (POST-OP) in eight patients with hypertrophic cardiomy- 
opathy and previous cardiac arrest. 
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five of six patients; in Patient 6 it decreased 9 mm after 
operation. 

Postoperative follow-up: The postoperative fol- 
low-up period ranged from 15 months to 6 years. Of the 
eight patients who survived operation, seven are cur- 
rently alive. Patient 5 died suddenly, while drinking in 
a bar, 9 months after operation. Although antiar- 
rhythmic therapy with quinidine had been recom- 


Post-op 


"ome A m. ^ - " 








-— 


FIGURE 2. Case 1. Echocardiograms recorded before and after oper- 
ation. The preoperative (Pre-op) echocardiogram (above), obtained 3 
months after cardiac arrest, shows marked systolic anterior motion of 
the anterior mitral leaflet and prolonged contact between the anterior 
leaflet and the ventricular septum (arrow). The left ventricular outflow 
gradient under basal conditions at this time was 35 mm Hg. The post- 
operative (Post-op) echocardiogram obtained 5 years after operation 
(below) shows no systolic anterior motion (arrow), and no outflow ob- 
struction was present under basal conditions at the time of left heart 
catheterization. 
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mended, blood analysis at necropsy showed no detect- 
able quinidine, indicating that the patient had not taken 
the drug for at least 8 hours before death. Six of the 
seven living patients are asymptomatic, and the other 
one has only mild dyspnea on exertion. 


Discussion 


Ventricular arrhythmia is probably the usual cause 
of sudden death in patients with obstructive hypertro- 
phic cardiomyopathy;?-!! and either ventricular fibril- 
lation or ventricular tachycardia was documented in 
each of our patients who had cardiac arrest and was 
resuscitated. Because these patients were either 
asymptomatic or only mildly symptomatic both before 
and after cardiac arrest, the single goal of subsequent 
treatment was to prevent the recurrence of fatal ar- 
rhythmia. Unfortunately, there is no assurance that 
antiarrhythmic drugs alone can protect such patients 
from recurrent serious ventricular arrhythmias or 
ultimate sudden death, or both. Specifically, propran- 
olol, in apparently adequate doses, has not proved to be 
entirely protective against the: occurrence of sudden 
death in patients with obstructive hypertrophic car- 
diomyopathy.!?-1^ It is our hope therefore that by re- 
lieving obstruction to left ventricular outflow (and 
substantially reducing left ventricular systolic pressure), 
operation will lessen ventricular electrical instability 
and the chance that a serious arrhythmia will recur.1415 
Of note, Patient 5, the only patient in our group who had 
a second cardiac arrest, was the one in whom effective 
relief of obstruction was not achieved by operation. 

Our experience with these nine patients indicates that 
the risk of left ventricular myotomy and myectomy in 
patients with obstructive hypertrophic cardiomyopathy 
and previous cardiac arrest is not different from that in 
our total operative series (mortality rate one of nine 
patients [11 versus 8 percent]!). It is impossible to de- 


termine with certainty whether or not operation will 
prolong the lives of these patients who survived cardiac 
arrest. However, seven of the eight patients are alive 15 
months to 6 years after operation without symptomatic 
deterioration or recurrent cardiac arrest. 

Implications: Combined left ventricular mvotomy 
and myectomy provides an addit:onal therapeutic op- 
tion in the management of patients with obstructive 
hypertrophic cardiomyopathy who survive cardiac ar- 
rest. We believe that antiarrhythmic drugs must also be 
administered indefinitely, whether or not clinically 
significant rhythm disturbances are identified. Only 
continued follow-up of these and other such patients 
may ultimately permit a definitive conclusion as to the 
role of operation in the management of this unusual 
subgroup of patients with obstructive hypertrophic 
cardiomyopathy. 


Addendum 


Since this manuscript was prepared three additional 
asymptomatic patients with obstructive hypertropnic car- 
diomyopathy and previous cardiac arrest have been operated 
on; in each the diagnosis had been made before cardiac arrest 
and each was receiving antiarrhythmic drugs when arrest 
occurred. In each patient ventricular fibrillation was docu- 
mented, and this arrhythmia occurred on two separate occa- 
sions in one of the patients. An outflow gradient greater than 
50 mm Hg was demonstrated at cardiac catheterization in all 
patients, and all had asymmetric septal hypertrophy on 
echocardiography. In one patient ventricular fibrillation and 
ventricular flutter had been shown to follow episodes of 
junctional tachycardia; in this patient complete heart block 
was created after myotomy and myectomy by incision of the 
His bundle, and a pacemaker was installed. 

All three patients are living at intervals of 1 to 6 months 
after operation. The operative mortality for the entire group 
is thus 1 in 12 (8 percent). There have been no additional late 
deaths. 
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Three patients with frequent episodes of symptomatic, sustained ven- 
tricular tachycardia that often required physician intervention were treated 
with a permanent patient-activated radiofrequency ventricular pacemaker 
for self-termination of ventricular tachycardia. Before pacemaker im- 
plantation, electrophysiologic testing revealed the tachycardia to be re- 
sistant to all approved and several investigational antiarrhythmic drugs. 
In all three patients, ventricular tachycardia was reliably and reproducibly 
terminated with brief bursts of rapid right ventricular apical pacing over 
several hundred trials. No patient had rapid ventricular pacing-induced 
acceleration of ventricular tachycardia or pacing-induced ventricular fi- 
brillation. Since the implantation of a radiofrequency ventricular pace- 
maker an average of 13.7 months ago, all episodes of ventricular tachy- 
cardia (average 43/patient) have been terminated successfully by ra- 
diofrequency pacing, and no patient has required hospitalization for an 
arrhythmia-related problem. 


Recurrent sustained ventricular tachycardia that is unresponsive to 
antiarrhythmic drug therapy alone or in combination with overdrive 
pacing constitutes a serious clinical problem for which new therapeutic 
alternatives are needed. Recognition that many forms of recurrent 
sustained ventricular tachycardia can be terminated reproducibly by 
programmed ventricular stimulation has led to the preliminary use of 
several new pacing techniques in the long-term management of this ar- 
rhythmia in a small number of patients.!-? In the past 18 months we have 
implanted in three patients a permanent programmable patient-acti- 
vated radiofrequency ventricular pacemaker that terminates frequent 


episodes of recurrent sustained ventricular tachycardia with brief bursts 


of rapid ventricular pacing. The indications for and risks of radiofre- 
quency ventricular pacing for recurrent sustained ventricular tachy- 
cardia as well as the clinical course of these three patients are the subjects 
of this report. 


Methods 


Patients: The essential clinical and electrophysiologic data on the three pa- 
tients are presented in Table I. There were two men (aged 57 and 61 years) and 
one woman (aged 69 years). All had coronary artery disease with a previous in- 
ferior wall myocardial infarction. 

Patient 1 sustained an inferior wall myocardial infarction in 1974, after which 
she began to experience recurrent episodes of sustained ventricular tachycardia. 
Cardiac catheterization in 1974 revealed advanced right coronary artery disease, 
a normal left coronary arterial system, and an aneurysm of the inferoposterior 
wall with otherwise well preserved left ventricular function. The episodes of 
ventricular tachycardia became progressively more frequent, and she was re- 
ferred for electrophysiologic study in 1978. 

Patient 2 sustained an inferior wall myocardial infarction in 1968 and 1975; 
the latter was followed by recurrent episodes of sustained ventricular tachycardia 
that became increasingly frequent and refractory to conventional antiarrhythmic 
agents during the year before referral to this institution. Coronary angiography 
was not performed in this patient. Surgical intervention was not recommended 
in either Patient 1 or 2 because neither had life-threatening sequelae in assooi- 
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RADIOFREQUENCY VENTRICULAR PACING—RUSKIN ET AL. 


TABLE | 
Clinical and Electrophysiologic Data in Three Patients 
Duration 
Age (yr) Cardiac of VT Episodes 
Case & Sex Diagnosis (yr) of VT/yr 
1 69F CAD-IMI 4 48 
2 57M CAD-IMI 3 65 
3 61M CAD-IMI, 1.5 22 


S/P CABG 


Initiation Termination 
Symptoms of VT of VT 
With VT 1 t 2 VPD-VP RVP 1 or 2 VPD RVP 
Angina Yes Yes No Yes 
Angina Yes Yes No Yes 
Angina, Yes Yes 'No Yes 
dizziness 


CABG = coronary arterial bypass grafting; CAD = coronary artery disease; IMI = inferior myocardial infarction; VPD-VP = ventricular premature 
depolarization during ventricular pacing; S/P = status post; RVP = rapid ventricular pacing; VT = ventricular tachycardia. 


ation with the arrhythmia and the efficacy of intraoperative 
mapping and specific antiarrhythmic surgery for ventricular 
tachycardia had not yet been established. 

Patient 3 sustained an inferior wall myocardial infarction 
in 1977, after which he began to experience recurrent episodes 
of sustained ventricular tachycardia. Cardiac catheterization 
performed in 1978 because of progressive angina pectoris re- 
vealed three vessel coronary artery disease, hypokinesia of the 
inferoposterior wall, and well preserved left ventricular 
function. The patient subsequently underwent aortocoronary 
saphenous vein bypass grafting that resulted in relief of the 
angina, but failed to eliminate the arrhythmia. During the 6 
month period after surgery, the patient required direct current 
cardioversion on 11 occasions for the termination of recurrent 
drug-resistant ventricular tachycardia. 

Electrophysiologic studies: All three patients were re- 
ferred for and underwent comprehensive electrophysiologic 
studies with use of standard intracardiac recording and pro- 
grammed stimulation techniques in an attempt to devise an 
effective antiarrhythmic regimen for the control of refractory 
ventricular tachycardia.9-? The initial study was performed 

. 48 hours after the discontinuation of all antiarrhythmic drug 
therapy. Multipolar electrode catheters were positioned in the 
high right atrium, across the tricuspid valve and at the right 
ventricular apex for stimulation and recording. The stimu- 
lation protocol included incremental right atrial and right 
ventricular apical pacing and programmed premature atrial 
and ventricular stimulation with single and double premature 
stimuli at multiple (three to six) basic cycle lengths. In all 
patients, brief bursts of rapid ventricular pacing were used to 
terminate electrically induced ventricular tachycardia. After 
completion of the initial electrophysiologic study while the 
patients were taking no antiarrhythmic drugs, programmed 
right ventricular apical stimulation was performed over the 


TABLE Il 
Effect of Antiarrhythmic Drugs 
VT-CL (ms) RVP-CL (ms) 
Drug With Without With Without 


Case Regimen Drug Drug Drug Drug 


1 Disopyramide, 150mg 285 400 280 330 
every 6 hours 

2  Quinidine, 200 mg 
every 6 hours 

Mexiletine, 375 570 260 340 

200 mg every 6 
hours 

3  Quinidine, 300 mg 340 430 320 350 
every 6 hours 


RVP-CL = rapid ventricular pacing cycle length required for reliable 
termination of ventricular tachycardia; VT-CL — ventricular tachycardia 
cycle length. 


subsequent 2 to 3 weeks during therapy with each of a number 
of oral antiarrhythmic drug regimens in an attempt to define 
a regimen on which the ventricular tachycardia could no 
longer be electrically initiated by programmed ventricular 
stimulation. Serial programmed stimulation was performed 
using an indwelling temporary transvenous bipolar pacing 
electrode inserted through a subclavian vein. All cardiac 
stimulation was performed with a battery-powered constant 
current programmable stimulator (Medtronic 5325) at twice 
diastolic threshold. Intracardiac recordings were filtered at 
30 to 500 hertz and displayed simultaneously with surface 
electrocardiographic leads I, II and V4 on a multichannel os- 
cilloscope (Electronics for Medicine VR-12). Data were stored 
on frequency-modulated magnetic tape (A. R. Vetter Co.) and 
later retrieved on photographic paper at speeds of 100 to 200 
mm/s. | 

During the course of serial antiarrhythmic drug testing, 
all three patients proved unresponsive to or intolerant of 
procainamide, quinidine, disopyramide, phenytoin, pro- 
pranolol and digoxin, alone and in various combinations. In 
Patients 2 and 3, therapeutic trials with mexiletine, tocainide 
and amiodarone were also unsuccessful in suppressing ven- 
tricular tachycardia. Throughout the period of antiarrhythmic 
drug testing, all spontaneous and electrically induced episodes 
of ventricular tachycardia were terminated successfully with 
brief bursts of rapid ventricular pacing in the three patients. 





FIGURE 1. Chest X-ray film after implantation of permanent radiofre- 
quency receiver (Medtronic model 5998) and transvenous bipolar right 
ventricular apical pacing electrode. 
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FIGURE 2. Patient 2. Continuous electrocardiographic recording showing interruption of electrically induced ventricular tachycardia (VT) by pa- 
tient-activated radiofrequency (RF) ventricular pacing. During fixed rate ventricular pacing (S4-S4) using a temporary transvenous electrode, a single 
premature ventricular depolarization (S5) initiates sustained ventricular tachycardia at a cycle length (CL) of 375 ms. After the onset of ventricular 
tachycardia, a brief burst of radiofrequency ventricular pacing fails to interrupt the tachycardia. A second and longer burst of radiofrequency ventricular 
pacing successfully terminates the tachycardia. Normal sinus rhythm resumes (NSR) after the second burst of pacing. Radiofrequency pacemaker 
stimulus artifacts are indicated by arrows. This patient subsequently required a decrease in the radiofrequency cycle length from 300 to 260 ms 


to achieve reliable interruption of ventricular tachycardia. 


No patient manifested evidence of pacing-induced accelera- 
tion of ventricular tachycardia or pacing-induced ventricular 
fibrillation. 

Rapid ventricular pacing: After the completion of serial 
antiarrhythmic drug testing, each of the three patients was 
placed on an antiarrhythmic drug regimen that resulted in 
significant slowing of the rate of ventricular tachycardia 
(Table II). The safety and efficacy of rapid ventricular pacing 
in terminating both spontaneous and electrically induced 
ventricular tachycardia was then documented repeatedly over 
a 1 week period using a temporary bipolar pacing electrode 
positioned at the right ventricular apex and a portable pro- 
grammable stimulator. The absence of both pacing-induced 
acceleration of ventricular tachycardia and pacing-induced 
ventricular fibrillation was confirmed with more than 100 
terminations of ventricular tachycardia in each patient. 
Permanent radiofrequency ventricular pacing was subse- 
quently performed in all three patients with a standard 
Medtronic model 5998 receiver and a transvenous bipolar lead 
positioned at the right ventricular apex (Fig. 1). More than 
100 uncomplicated terminations of induced or spontaneous 
ventricular tachycardia were performed with the implanted 
radiofrequency ventricular pacing unit in all three patients 
before hospital discharge (Fig. 2). 
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Results 


Electrophysiologic observations (Table I): In all 
three patients sustained ventricular tachycardia iden- 
tical to that observed clinically could reliably be ini- 
tiated by single and double premature ventricular de- 
polarizations during ventricular pacing and by brief 
bursts of rapid ventricular pacing and could reliably and 
reproducibly be terminated by rapid ventricular pacing 
at cycle lengths shorter than those of the tachycardia. 
No patient manifested rapid ventricular pacing-induced 
acceleration of ventricular tachycardia or pacing-in- 
duced ventricular fibrillation on any occasion during the 
course of electrophysiologic studies (Fig. 3). All three 
patients recognized the onset and termination of both 
spontaneous and induced ventricular tachycardia on all 
occasions during the testing period. 

Effects of antiarrhythmic drugs (Table ID: In 
each patient, a drug regimen was selected that resulted 
in significant prolongation of the ventricular tachy- 
cardia cycle length and facilitated termination of the 
arrhythmia at a longer paced cycle length than that 
required for arrhythmia termination when the patient 
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FIGURE 3. Continuous electrocardiographic (lead Il) recording from a patient (not included in this report) with rapid ventricular pacing (RVP)-induced 
acceleration of ventricular tachycardia (VT). During right ventricular apical pacing at a basic cycle length (S;-S,) of 600 ms, a single premature 
ventricular depolarization (S5) initiates sustained ventricular tachycardia at a cycle length of 415 ms. A brief burst of rapid ventricular pacing results 
in acceleration of the rate from 145 to 200 beats/min. External cardioversion was required for termination of the arrhythmia. Because of this response, 
. permanent radiofrequency ventricular pacing was rejected as a therapeutic option in this patient. Unidentified abbreviations as in Figure 2. - 
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was not receiving antiarrhythmic drugs. On the final 
antiarrhythmic drug regimen, the mean cycle length of 
ventricular tachycardia in the three patients increased 
by 40 percent, from 333 to 467 ms (rate decreased from 
180 to 128 beats/min) and the mean pacing cycle length 
required for reliable termination of ventricular tachy- 
cardia increased by 18 percent, from 287 to 340 ms (rate 
reduced from 209 to 176 beats/min). In one of the three 
patients (Case 3) the drug regimen selected also de- 
creased the incidence of spontaneous ventricular 
tachycardia, whereas in the remaining two patients drug 
therapy had no influence on the incidence of ventricular 
tachycardia. 

Clinical follow-up (Table III): Successful termi- 
nation of ventricular tachycardia by patient-activated 
radiofrequency ventricular pacing has been accom- 
plished 55 times in Patient 1, 72 times in Patient 2 and 
twice in Patient 3 during a mean follow-up period of 13.6 
months. All episodes of spontaneous ventricular 
tachycardia were successfully terminated by radiofre- 
quency ventricular pacing, although all three patients 
required upward adjustments in the pacing rate on one 
occasion. These rate changes were accomplished by a 
minor adjustment of the external radiofrequency 
transmitter and did not require access to the implanted 
receiver. After an initial follow-up period of 6 months 
during which all episodes of ventricular tachycardia 
were terminated under medical supervision, Patients 
1 and 2 were permitted to utilize their pacemakers 
without medical supervision. Frequent use of the ra- 
diofrequency ventricular pacemaker units by both pa- 
tients has resulted in the uneventful termination of all 
episodes of spontaneous ventricular tachycardia during 
the second 6 months of the follow-up period. The ma- 
jority of episodes of ventricular tachycardia required 
two or three bursts of pacing before the successful ter- 
mination was achieved because the patients were in- 
structed to activate their pacemakers for no more than 
3 seconds on each attempt. None of the three patients 
have required hospitalization for an arrhythmia-related 
problem since implantation of the radiofrequency 





FIGURE 4. Theoretical mechanism of interruption of ventricular 
tachycardia by radiofrequency pacing. Rapid stimulation from a right 
ventricular apical electrode is shown to penetrate a reentry circuit in 
the left ventricle (black arrows) resulting in interruption of a ventricular 
tachycardia. Although a reentry mechanism appears likely, the possi- 
bility of pacing-induced termination of enhanced automaticity in an 
ectopic ventricular focus cannot be excluded. 


ventricular pacemaker. Patient 1 died in the hospital 
as a result of disseminated oat cell carcinoma of the lung 
7 months after the tumor was detected and 13 months 
after pacemaker implantation. Patients 2 and 3 are alive 
and well 14 months after pacemaker implantation. 


Discussion 


Pacing techniques to control ventricular 
tachycardia: In patients with recurrent ventricular 
tachycardia that is refractory to antiarrhythmic drug 
therapy, one of a variety of pacing techniques may be 
helpful in contributing to improved control of the ar- 
rhythmia. Pacemakers may be used to prevent the oc- 
currence of ventricular tachycardia by the mechanisms 
of overdrive suppression and, theoretically, by a rate- 
related decrease in temporal dispersion of refractoriness 
within the ventricles that may diminish susceptibility 
to reentrant arrhythmias.!°:!! In highly selected patients 
with more refractory arrhythmias in whom the occur- 
rence of sustained ventricular tachycardia cannot be 
prevented with pharmacologic therapy either alone or 
in combination with overdrive pacing, the use of inter- 
ruption pacing for the termination of ventricular 
tachycardia may offer a useful alternative.!4° The 
ability to terminate some rare forms of sustained ven- 
tricular tachycardia with single, critically timed pre- 
mature ventricular stimuli, presumably as a result of the 
interruption of a reentry mechanism, has previously 
been described.!?-14^ However, most forms of recurrent 
sustained ventricular tachycardia that are susceptible 
to interruption pacing require multiple stimuli for ter- 
minating the arrhythmia,!? perhaps because pacing is 
generally performed from a site that is relatively distant 
from the site of origin of the tachycardia. Brief bursts 
of pacing may decrease refractoriness in the tissues in- 
terposed between the pacing site and the pathway of the 
tachycardia or its site of origin and thereby facilitate 
penetration of the pathway or site of origin by one or 
more of the stimuli, resulting in interruption of the 
tachycardia (Fig. 4). 

Potential hazards of rapid ventricular pacing: 
The use of rapid ventricular pacing for the termination 
of recurrent ventricular tachycardia is associated with 
several hazards including rapid ventricular pacing- 
induced acceleration of ventricular tachycardia, pac- 
ing-induced ventricular fibrillation, initiation of ven- 
tricular tachycardia by rapid ventricular pacing if the 
latter is applied during sinus rhythm, and hemodynamic 


TABLE III 


Clinical Status After Implantation of Radiofrequency 
Ventricular Pacemaker 


Hospitali- 
Follow-Up Episodes zations Clinical 
Case (mo) of VT for VT Status 
1 13 55 0 Died— carcinoma 
of lung 
2 14 72 0 Alive and well 
3 14 2 0 Alive and well 


VT = ventricular tachycardia. 
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compromise during sustained rapid ventricular pacing. 
Fisher et al.? reported a 3 percent incidence rate of 
pacing-induced acceleration of ventricular tachycardia 
and a 1 percent incidence rate of pacing-induced ven- 
tricular fibrillation when rapid ventricular pacing was 
applied during 573 episodes of ventricular tachycardia 
in 23 patients. However, the true incidence of rapid 
ventricular pacing-induced acceleration of ventricular 
tachycardia is probably impossible to assess because 
susceptibility to this complication is determined by 
many variables including the rate and duration of 
ventricular pacing, the current output of the pacemaker 
and the effects of antiarrhythmic drugs. Both acceler- 
ation of ventricular tachycardia and initiation of ven- 
tricular fibrillation are more likely to occur in response 
to high pacing rates and prolonged periods of pacing.'? 
In addition, high current outputs may increase the risk 
of pacing-induced ventricular fibrillation because ra- 
diofrequency ventricular pacing is asynchronous and 
may be initiated during the vulnerable period. However, 
in our experience and in that of other investigators, 
pacing-induced ventricular fibrillation, unlike pacing- 
induced acceleration of ventricular tachycardia, is an 
extremely rare complication of rapid ventricular pacing 
during ventricular tachycardia.? 

Antiarrhythmic drugs may also unpredictably in- 
crease susceptibility to these complications.!? The 
current lack of a reliable method of predicting the re- 
sponse of an individual patient's arrhythmia to one or 
more antiarrhythmic drugs underscores the need for 
intensive electrophysiologic testing before a final drug 
regimen is selected. Furthermore, any changes in drug 
therapy should be preceded by additional electro- 
physiologic studies to assess the effect of a new drug 
regimen on the patient's response to rapid ventricular 
pacing. | 

Conclusions and implications: Radiofrequency 
ventricular pacing provides an effective therapeutic 
alternative in highly selected patients with recurrent 
sustained ventricular tachycardia that is refractory to 
pharmacologic therapy. In our initial experience and in 
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that of other investigators, radiofrequency ventricular 
pacing appears to be safe if used in brief (2 to 20 pulse) 
bursts at relatively low rates (less than 250 beats/min) 
in patients with stable ventricular tachycardia that is 
comparatively slow in rate and hemodynamically well 
tolerated. It is imperative that all patients who are 
considered for radiofrequency ventricular pacing un- 
dergo a comprehensive electrophysiologic evaluation, 
extensive antiarrhythmic drug trials and prolonged 
testing with a temporary device in order to document 
(1) the inherent stability of the tachycardia by repeated 
inductions over several weeks, (2) the ability to termi- 
nate the arrhythmia reproducibly with brief bursts of 
right ventricular apical pacing, and (3) the absence of 
pacing-induced acceleration of ventricular tachycardia 
and pacing-induced ventricular fibrillation. Antiar- 
rhythmic drugs should be used whenever possible to 
reduce the incidence of spontaneous ventricular 
tachycardia and to decrease the rate of ventricular 
tachycardia in order to facilitate termination of the 
arrhythmia at the slowest possible paced rate. The 
safety and efficacy of each antiarrhythmic drug regimen 
must be confirmed with serial electrophysiologic 
testing. 

In the future, if the life-threatening complications of 
pacing-induced acceleration of ventricular tachycardia 
and pacing-induced ventricular fibrillation can be 
overcome by a combination of appropriate patient se- 
lection, the use of more specific antiarrhythmic drugs 
and advances in pacemaker technology, it is probable 
that fully automatic implantable arrhythmia control 
devices will replace the use of patient-activated radio- 
frequency pacemakers and expand the applicability of 
interruption pacing to a larger group of patients. As the 
safety and efficacy of these automatic devices become 
established and as the units become more versatile, it 
is likely that their use will replace that of radiofrequency 
pacemakers in most situations. 
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Treatment of premature ventricular complexes with propranolol was 
studied in 32 patients 2 months after an uncomplicated acute myocardial 
infarction. All patients had more than 30 premature ventricular com- 


plexes/hour averaged over 24 hours, with bigeminy. couplets, multifocal 


complexes or ventricular tachycardia. Twenty-four hour ambulatory 
electrocardiographic monitoring and treadmill testing were performed 
during a control, a treatment and a second control period. The average 


dosage of propranolol was 160 mg daily. Treadmill testing and ambulatory 


electrocardiographic monitoring showed a significent decrease in com- 
plexity and frequency of premature ventricular complexes with propranolol 
treatment when the two control periods were compared (p «0.01 for 
frequency). During treatment with propranolol 56 percent of patients had 
70 percent or greater suppression and 13 (41 percent) had 90 percent 
or greater suppression of premature ventricular complexes; the median 
percent reduction was 80 percent. The frequency of premature ventricular 
complexes also decreased from the first to the second control period (p 
<0.05). No patient died suddenly in the 6 month follow-up period. 

It is concluded that propranolol effectively suppresses premature 
ventricular complexes after acute myocardial infarction, reducing both 
frequency and complexity. No sudden death occurred in this high risk 
population with complex ventricular arrhythmias. Premature ventricular 
complexes did not tend to increase with time early after acute myocardial 
infarction in the patients treated with propranolol. Ambulatory electro- 
cardiographic monitoring should be considered for routine evaluation of 
patients 3 to 8 weeks after acute myocardial infarction and should be 
followed by antiarrhythmic therapy when complex premature ventricular 
complexes are noted. 


Sudden death, presumably due to ventricular arrhythmias, is not un- 
common during rehabilitation after acute myocardial infarction. Pre- 
mature ventricular complexes have been identified as an important risk 
factor for sudden death during long-term follow-up after acute myo- 
cardial infarction.!-1? These observations suggest that sudden cardiac 
deaths might be reduced by controlling ventricular arrhythmias in the 
early posthospital phase after myocardial infarction.!! However, the 
indications for antiarrhythmic therapv in the late convalescent period 
after acute myocardial infarction are unclear, particularly in light of the 
inadequacy of the most common antiarrhythmic agents in treating 
sporadic ventricular arrhythmias with an acceptable incidence of side 
effects.!? 

Various beta adrenergic blocking drugs may be useful in treating 
premature ventricular complexes.!? However, the efficacy of propranolol 
in treating such arrhythmias in the first 6 months after myocardial in- 
farction, the period of greatest risk for sudden ceath, has not been 
studied, and there are few studies of the antiarrhythmic activity of 
propranolol in the treatment of chronic ventricular arrhythmias. 14-18 

In this study we report the effects of propranolol in a group of ambu- 
latory patients who had frequent or dangerous premature ventricular 
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complexes 8 weeks after an acute myocardial infarction. 
Additionally, we use our findings to assess the adequacy 
of sequential ambulatory electrocardiographic moni- 
toring and exercise treadmill testing in evaluating 
antiarrhythmic drug efficacy. 


Methods 


Patients: Thirty-two patients, 27 men and 5 women, who 
had frequent ventricular arrhythmias 8 weeks after uncom- 
plicated acute myocardial infarction are the subject of this 
report (Table I). The diagnosis of definite myocardial in- 
farction was substantiated by all of the following: chest pain 
typical of coronary artery disease, serial acute myocardial 
enzyme changes and evolving abnormal Q waves with acute 
S-T and T wave changes in the electrocardiogram. The diag- 
nosis of subendocardial myocardial infarction was confirmed 
by the presence of acute S-T and T wave changes persisting 
for more than 48 hours, although abnormal Q waves were not 
evident. 

No patient had symptoms attributable to cardiac ar- 
rhythmias or a history of syncope. No patient was taking 
digitalis or had been under treatment for ventricular ar- 
rhythmias with another antiarrhythmic agent before treat- 
ment with propranolol. No patient had undergone previous 
coronary bypass surgery or left ventricular aneurysmectomy, 
and none had mitral valve prolapse or valvular heart dis- 
ease. 

The patients were selected for study if 24 hour electrocar- 
diographic monitoring performed 8 weeks after infarction 
revealed more than 30 premature ventricular complexes/hour 
averaged over 24 hours or a maximum of more than 30 pre- 
mature complexes/hour for any hour over the 24 hours if there 
were associated couplets or ventricular tachycardia. The 
frequency of premature ventricular complexes was also doc- 
umented 3 weeks after acute infarction by 24 hour ambulatory 
monitoring. Treadmill testing was always performed during 
the electrocardiographic monitoring. 

The purpose of the study and its details were explained to 
each patient, and informed consent was obtained from each 
according to the Wilford Hall Medical Center Human Ex- 
perimentation Committee requirements. 

Treatment: A chest X-ray film, 12 lead electrocardiogram 
and blood tests documenting normal hemoglobin, hematocrit, 
white blood cell count, liver function, renal function and serum 
electrolytes were obtained before and after treatment with 
propranolol. Patients with uncompensated congestive heart 
failure, heart block or asthma were excluded from study. 

A control 24 hour ambulatory electrocardiogram was re- 
corded followed by an exercise treadmill test at both 3 and 8 
weeks after acute myocardial infarction. Administration of 
propranolol was started in a dosage of 20 mg orally every 6 
hours after the 24 hour ambulatory recording at 8 weeks. 'T'he 
dosage was increased every 4 to 7 days in increments of 80 mg 
daily until premature ventricular complexes were 50 percent 
suppressed or 480 mg of propranolol dosage was reached or 
side effects required discontinuation of treatment. Exercise 
testing was performed 2 hours after the last dose of propran- 
olol. Treadmill testing and 24 hour ambulatory monitoring 
were repeated 4 to 7 days after each increment in propranolol 
dosage and again after each patient had received no pro- 
pranolol for 4 to 7 days when a second control study was per- 
formed. 

During 24 hour ambulatory monitoring the patients were 
instructed to go about their normal daily home or work ac- 
tivities. All ambulatory electrocardiograms were recorded 
using either a model 400 Avionics (Irving, California) Elec- 
trocardiocorder or a Dynagram recorder model 5000 with a 
V5 lead system. The portable electrocardiographic monitor 
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was connected to the patient with standard disposable sil- 
ver-silver chloride electrodes. The portable tape unit was worn 
on the belt around the waist and did not hamper the patient's 
mobility. The average number of 24 hour electrocardiographic 
recordings obtained in each patient was 2.3 during treatment 
with propranolol and 5.3 in the entire study. 

Treadmill exercise testing was performed with the multi- 
stage protocol of Bruce.?? An electrocardiogram was contin- 
uously monitored and tracings were taken using a Mason- 
Likar?! 12 lead system. The exercise tests were maximal 
(symptom-limited) or limited by progressive angina or the 
development of greater than 2 mm S-T segment depression 
or a 10 mm Hg decrease in systolic blood pressure from that 
previously recorded. Electrocardiographic recordings were 
made before exercise with the patient in the supine and 
standing positions, during the last 30 seconds of each level of 
exercise, during the immediate postexercise period and every 
3 minutes until the frequency of premature ventricular com- 
plexes and S- T segment changes had returned to the control 
level. Arrhythmias were recorded from the monitor with an 
8 second memory loop. Blood pressure cuff recordings were 
obtained at 1 to 3 minute intervals throughout the exercise 
study. 

Data analysis: Premature ventricular complexes detected 
by ambulatory electrocardiographic monitoring were analyzed 
for number, couplets, multiformity, bigeminy and ventricular 
tachycardia (runs of 3 or more consecutive premature ven- 
tricular complexes). During exercise testing, premature ven- 
tricular complexes were counted and graded during the con- 
trol, exercise and postexercise recovery periods. The grade of 
arrhythmia recorded during exercise was the highest grade 
seen during any minute of the test or in the recovery pe- 
riod. 

The 24 hour electrocardiographic recordings were analyzed 
by a trained operator using American Optical (Bedford, 








TABLE | 
Clinical Characteristics of 32 Patients 
n(%) 
Age 
Mean 55249 yr 
Range 40-79 yr 
Sex | 
Male 27 (84) 
Female 5 (16) 
Location of myocardial infarction 
Anterior 8 (25) 
Inferior/posterior 19 (59) 
Subendocardial 5 (16) 
NYHA class* 
| 27 (84) 
| 5 (16) 
Ill -1V 0 
Coronary care unit arrhythmias 
Ventricular tachycardia 4 (13) 
Ventricular fibrillation 1 (13) 
Frequent premature ventricular 7 (22) 
complexes (25 min) 
Congestive heart failure in 3 (9) 
coronary care unit 
Cardiomegaly 3 (9) 
Mortality at 6 months 0 
Previous myocardial infarction 5 (16) 
Exercise response at 8 weeks 
Angina 9 (28) 
Z 1mm S-T depression 12 (38) 
Smoking 20 (63) 
Cholesterol elevated 13 (41) 
Early family history 10 (31) 
Diabetes mellitus 5 (16) 





* New York Heart Association functional class. '? 
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Massachusetts) or Avionics Electrocardioscanners (Irving, 
California) operating at 60 times real time. Ventricular pre- 
mature complexes were detected using audiovisual techniques 
with an R wave-triggered oscilloscopic display of QRS com- 
plexes and an electrocardiograph-coupled sound system.2??,23 
Tapes with a frequency of premature ventricular complexes 
exceeding 60/hour were printed out after manual scanning 
with an Instrument for Cardiac Research, Automatic Trend 
System, model 6220 (East Syracuse, New York). Tapes were 
manually scanned in areas of difficulty, and frequent pre- 
mature ventricular complexes were verified by continuous 
direct readout. Each tape was manually overread by one of us 
(G.K.). The average resting and maximal heart rates in each 
hour were analyzed during the treatment and control pe- 
riods. 

For statistical analysis we used the nonparametric sign test 
and paired t test. Values are expressed as mean + standard 
deviation. 


Results 


Exercise tests: The maximal treadmill times were 
equivalent: 365 before, 356 seconds during and 360 
seconds after treatment with propranolol. The mean 
maximal exercise heart rate (beats/min) was 153 + 17 
before, 117 + 20 during and 156 + 20 after treatment. 
'The mean maximal product of heart rate and systolic 


TABLE Il 


Premature Ventricular Complexes on Ambulatory 
Electrocardiographic Recording in Control and 
Treatment Periods 


Average of Control, and 2 Treatment 
Average/ Maximal/ Average/ Maximal/ 
Case Hour Hour Hour Hour 
1 118 348 3 14 
2 83 171 4 13 
3 65 132 4 13 
4 10 35 2 4 
5 56 145 63 90 
6 86 380 0 0 
7 63 218 5 23 
8 73 405 28 59 
9 44 345 0 3 
10 24 68 1 1 
11 54* 160 0 1 
12 9* 36 5 10 
13 13 100 1 4 
14 156* 400 467 850 
15 26* 230 0 0 
16 48 340 0 1 
17 147* 340 82 116 
18 193 605 15 52 
19 41 133 9 36 
20 21 159 4 21 
21 52 154 1 11 
22 3 18 1 1 
23 500 1200 0 0 
24 14 9 24 46 
25 368 1002 6 29 
26 10 23 15 30 
27 11 30 0 0 
28 98 590 4 10 
29 254 900 320 600 
30 64* 360 31 54 
31 138 650 2 18 
32 27 47 21 38 
Mean 90 305 35 67 
+ SD 109 298 98 178 


* Monitoring only in control period 1. 


blood pressure decreased from 25,100 + 4,800 to 18,500 
+ 5,400 beats/min-mm Hg (p <0.001), indicating a good 
beta adrenergic effect of propranolol. The heart rate at 
rest was also significantly reduced during propranolol 
treatment from 74 + 12 to 55 € 7 (p <0.001). There was 
no change in estimated maximal oxygen uptake between 
either control period or the treatment period. Angina 
developed in nine patients and S- T depression in 12 
patients during exercise testing but did not limit the 
exercise testing in any patient. 

Controlled comparison: Data are available on 26 
patients with 24 hour ambulatory electrocardiographic 
monitoring and exercise treadmill tests in both the pre- 
and post-treatment control periods. The remaining six 
patients did not have a control study after treatment. 
Four of these six patients were maintained by their 
physician on propranolol therapy because of the degree 
of arrhythmias noted. Two patients refused further 
follow-up after their treatment monitoring showed 
control of premature ventricular complexes. 

The average propranolol dosage was 160 mg/day. 
Eight patients had initial side effects consisting of fa- 
tigue, dizziness or gastrointestinal problems. Two of 
these patients stopped treatment after the study period, 
and the other six tolerated long-term propranolol 
treatment. 

Frequency of premature ventricular complexes: 
Table II shows the average and maximal hourly rates 
of premature ventricular complexes observed on am- 
bulatory electrocardiography in all patients. Data from 
control periods 1 and 2 are averaged except in six pa- 
tients in whom only control period 1 was studied. The 
results are analyzed in Table III. Both the average and 
maximal hourly rates of premature ventricular com- 
plexes decreased significantly from control period 1 to 
control period 2 (p «0.05, paired £ test), but both rates 
decreased significantly in the treatment period com- 
pared with those of control period 1 or 2 alone or the 
average of control periods 1 and 2. 


TABLE Ill 


Analysis of Premature Ventricular Complexes (PVC) on 24 
Hour Ambulatory Electrocardiographic Monitoring 


Control, Control, Control» 
vs vs vs Average Control, ang 2° 
Controls Treatment Treatment vs Treatment 
(n= 26) Mm=32) (n= 26) (n = 32) 
Average Premature Ventricular Complexes/Hour 
145 + 233 1324212 41+ 50 90 + 109 
vs vs vs vs 
41:50 0.35198 -21463 35 + 98 
p value <0.05 <0.025 <0.02 <0.02 
Maximal Premature Ventricular Complexes/Hour 
453 + 601 416 + 549 181+ 231 305 + 298 
vs vs vs vs 
181 +231 67 4178 434116 67 + 178 


p value — «0.05 «0.005 «0.001 «0.001 


* Data from control period 1 were used for the six patients who did 
not undergo monitoring in control period 2; t probability (p) values are 
based on the paired t test. 

Control, — control period 1 (8 weeks after infarction before treatment 
with propranolol); Controls = control period 2 (4 to 7 days after dis- 
continuation of propranolol therapy); n = number of patients. 
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The average and maximal hourly rates of premature 
ventricular complexes did not differ in study patients 
from week 3 to week 8. The 32 study patients were 
identified as high risk from a total of 102 patients 
studied with 24 hour ambulatory electrocardiographic 
monitoring and treadmill tests at 3 and 8 weeks after 
acute myocardial infarction. The average frequency of 
premature ventricular complexes in the 102 patients 
was 24 + 86 at 3 weeks versus 29 + 110 at 8 weeks. The 
maximal hourly frequency in the 102 patients was 92 + 
270 at 3 weeks versus 95 + 295 at 8 weeks. With use of 
the nonparametric sign test, each comparison sequence 
in Table III had a p value of «0.01 except the average 
rate of premature ventricular complexes for control 
period 2 versus the treatment period (p «0.05). 

Figure 1 shows the percent change in average fre- 
quency of premature ventricular complexes for the av- 
erage of control periods 1 and 2 compared with the 
treatment period. Twenty-four subjects (75 percent) 
had 50 percent or greater suppression of premature 
ventricular complexes, 18 (56 percent) had 70 percent 
or greater suppression and 13 (41 percent) had 90 per- 
cent or greater suppression. The median percent re- 
duction for all 32 patients was —80 percent (range —100 
to +50 percent). | 

As noted, the patients had an average of 2.3 ambu- 
latory electrocardiographic recordings during treatment 
with propranolol. In the 26 patients whose recordings 
revealed a significant decrease in frequency and com- 
plexity of premature ventricular complexes with their 
final dosage of propranolol, earlier recordings (with 
smaller doses of propranolol) showed a similar though 
less marked decrease in frequency. 

Spontaneous variability in frequency of prema- 
ture ventricular complexes: Individual patients 
demonstrated a marked spontaneous variability in the 
rate of premature ventricular complexes that could also 
mimic antiarrhythmic drug effects. The median percent 
change in frequency of premature ventricular complexes 
from the first to second control periods in the 26 pa- 
tients so studied was —56 percent and the maximal 
change in frequency noted for any hour was —53 per- 
cent. The percent change in average hourly frequency 
of individual patients ranged from —100 to 4-630 per- 
cent and that of maximal frequency ranged from —100 
to +1,000 percent. A spontaneous decrease of up to 50 
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FIGURE 1. Percent change in average frequency of premature ven- 
tricular contractions (PVC) for the average of control periods 1 and 2 
compared with the treatment period. 


percent in average frequency was observed in 15 pa- 
tients (58 percent), a decrease of 70 percent or greater 
in 10 patients (38 percent) and a decrease of 90 percent 
or greater in 6 patients (23 percent). The maximal 
hourly frequency of premature ventricular complexes 
in 13 patients (50 percent of the group of 26) showed a 
spontaneous decrease of more than 50 percent; in 8 (31 
percent) this decrease was 70 percent or greater and in 
6 (23 percent) it was 90 percent or greater. 

Complex ventricular arrhythmias: The occurrence 
of multifocal premature ventricular complexes, paired 
complexes, bigeminy and ventricular tachycardia was 
studied with both ambulatory recordings and exercise 
testing in the 32 patients. Table IV shows the number 


Number of Patients With Each Type of Complex Ventricular Ectopic Activity* on Ambulatory Electrocardiographic Monitoring 


and Treadmill Testing 








Control, Propranolol Controls 
Monitor Treadmill Monitor Treadmill Monitor Treadmill 

n(%) n(%) n(%) n(%) n(%) n (96) 
Multifocal 26 (81) 6 (19) 19 (59) 1(3) 21 (81) 3 (14) 
Pairs 17 (53) 6 (19) 6 (19) 3 (10) 9 (35) 1 (5) 
Bigeminy 26 (81) 7 (22) 12 (38) 2 (7) 17 (65) 7 (33) 
Ventricular tachycardia 4 (13) 1 (3) 1 (3) 0 1 (4) 1 (5) 
Any premature ventricular complex 32 (100) 20 (63) 26 (81) 10 (33) 25 (96) 15 (71) 
Total number of patients studied 32 32 32 30 26 21 


* Multifocal, pairs, bigeminy or ventricular tachycardia. 


August 1980 The American Journal of CARDIOLOGY Volume 46 325 


TABLE V 


Reproducibility of Each Type of Complex Ventricular 
Arrhythmia for the Two Control Periods (C4 and C;) 


Patients With Arrhythmia [n (96)] 





Both C1 Only C1 
and C2 or C2 Total 
Ambulatory electro- 
cardiogram (n = 26) 
Multifocal 17 (65%) 7(27%) 24(92%) 
Paired 6 (23%) 10(3896) 16(62%) 
Bigeminy 14 (54%) 12 (46%) 26(100%) 
Ventricular tachycardia 0 4(15%) 4(15%) 
Treadmill test (n = 24) 
Multifocal 1(4%) §(21%) 6(25%) 
Paired 1(4%) 2 (8%) 3 (12.596) 
Bigeminy 3 (12.596) 5(21%)  8(3396) 
Vertricular tachycardia 0 1 (496) 1 (496) 


and percent of patients who had serious ventricular 
arrhythmias in each of the periods studied. The total 
number of patients exhibiting one or more of these 
complex arrhythmias was similar in each control period. 
When compared with the two control periods, the pro- 
pranolol treatment period showed a decrease in all of 
these premature ventricular forms on both ambulatory 
monitoring and treadmill testing. The total number of 
abnormalities detected with monitoring was greater 
than that detected with treadmill testing in all periods 
(p «0.001). 

Table V shows the reproducibility of each type of 
complex ventricular arrhythmia in the two control pe- 
riods. Each type of complex arrhythmia showed vari- 
ability between the two control periods and frequently 
was detected in only one of the electrocardiographic 
recordings or treadmill tests. Each type of arrhythmia 
was more reproducible on ambulatory monitoring than 
on treadmill testing. 

Table VI compares ambulatory monitoring and 
treadmill testing in detecting complex ventricular ar- 
rhythmia. All categories of arrhythmias were detected 
only by ambulatory monitoring in the majority of cases; 
in most of the remaining cases they were detected with 
both treadmill testing and ambulatory monitoring. Only 


TABLE Vi 


Comparison of Ambulatory Electrocardiographic Monitoring 
and Treadmill Exercise Test in Detecting Complex 
Ventricular Arrhythmias 


Treadmill and Ambulatory 
Ambulatory Electro- 
Electro- Treadmill cardiogram 
cardiogram Only Only 
Arrhythmia [n (96)] [n (96)] [n (96)] Total 
Multifocal 8 (25) 0 (0) 22 (69) 30 (94) 
Paired 5 (16) 1 (3) 15 (47) 21 (66) 
Bigeminy 11 (34) 0 (0) 18 (56) 29 (91) 
Ventricular 2 (6) 0 (0) 3 (9) 5 (16) 
tachy- 
cardia 


one patient with couplets had the arrhythmia detected 
with the treadmill exercise test alone. 

Poor propranolol response: Patients 5, 14, 24, 26, 
29 and 32 responded poorly to treatment with pro- 
pranolol. Patients 5, 14 and 29 were the three patients 
with mild cardiomegaly and Patient 29 could tolerate 
only 80 mg of propranolol because of diarrhea. 


Discussion 


The systemic evaluation necessary to document ad- 
equately the frequency of premature ventricular com- 
plexes has been well shown only recently.!5.24-26 Side 
effects of antiarrhythmic drugs are also frequent. 
Winkle et al.?9 critically compared propranolol, pro- 
cainamide and quinidine in a 5 week study. All patients 
receiving propranolol completed the study, but 41 
percent of those given procainamide and 18 percent of 
those given quinidine had side effects that required 
discontinuation of treatment. Significant side effects 
of treatment with procainamide and quinidine were also 
reported by Jelinek et al.!? Side effects which would 
have eventually required stopping propranolol in our 
study occurred in only 2 of 32 (6 percent) patients. 

Antiarrhythmic effects of propranolol: Recent 
studies have helped to document the efficacy of pro- 
pranolol in patients with chronic ischemic heart disease, 
mitral valve prolapse, and in patients without known 
organic heart disease.!415.26-30 Propranolol’s effect on 
the frequency or complexity of premature ventricular 
complexes in the first few months after acute myocar- 
dial infarction is unknown. DeSoyza et al.!^ compared 
130 patients randomly assigned to surgical or medical 
therapy for coronary artery disease; 90 percent of the 
medically treated patients were receiving propranolol. 
Paired premature ventricular complexes were less fre- 
quent (p <0.05) in the medical than in the surgical 
group, but grading of complexes was not otherwise 
different. Nixon et al.!? studied 16 patients (including 
6 with ischemic heart disease) who had exercise-induced 
or augmented premature ventricular complexes. Pro- 
pranolol reduced the frequency of complexes in 10 of 15 
patients (p <0.001) and in 5 of the 6 patients (p <0.02) 
with ischemic disease. Ventricular couplets and 
tachycardia were also reduced. Fourteen of the 16 pa- 
tients studied by Winkle et al.?6 had a reduction in 
premature ventricular complexes with propranolol, and 
the median percent reduction for all patients was —63 
percent (range —97 to +20 percent) (p «0.01). Our 
preliminary report?! showed a reduction in premature 
ventricular complexes in 16 of 19 patients receiving 
propranolol, those responding having a mean 91 percent 
average reduction on ambulatory monitoring. 

Propranolol after recovery from acute myocar- 
dial infarction: The present study documents the re- 
duction by propranolo! therapy in the frequency and 
complexity of premature ventricular complexes from 
those observed at 8 weeks after acute myocardial in- 
farction. Forty-one percent of patients had 90 percent 
suppression, an effect similar to propranolol's effect in 
patients with chronic coronary artery disease or in 
normal subjects.?€ In the patients who responded to 
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propranolol premature ventricular complexes were 
decreased by an average of 80 percent. 

Ventricular arrhythmias and sudden death: Great 
potential exists for prevention of sudden cardiac death 
by treatment of premature ventricular complexes early 
after acute myocardial infarction. No sudden deaths 
were noted at 6 months after acute myocardial infarc- 
tion in our 32 patients who had frequent and serious 
premature ventricular complexes at 8 weeks. Treatment 
with propranolol was continued for at least 6 months. 
The mortality rate at 4 months in patients with more 
than 20 premature ventricular complexes/hour or with 
multiform or bigeminal patterns was 15 percent.?? 
Vismara et al.?? noted a 30 percent incidence rate of 
sudden death in a 26 month average follow-up period 
of patients who had multifocal premature ventricular 
complexes, R on T phenomenon, paired premature 
ventricular complexes, more than 5 premature com- 
plexes/min or ventricular tachycardia on 10 hour Holter 
monitoring 11 days after hospital discharge. Sudden 
death might have been expected in several of our pa- 
tients because of the high risk from premature ven- 
tricular complexes even though they were relatively free 
of ventricular dysfunction. 

Ambulatory electrocardiographic monitoring 
versus exercise testing: Our study also shows that 
ambulatory monitoring is vastly superior to exercise 
treadmill testing in detecting the incidence and com- 
plexity of premature ventricular complexes after acute 
myocardial infarction. Exercise testing did not induce 
 ischemia-related arrhythmia not detected by ambula- 
tory monitoring. It would be more cost-effective to study 
these patients with only ambulatory monitoring for 
evaluation of ventricular arrhythmias. Ambulatory 
monitoring is also more sensitive in detecting complex 
premature ventricular complexes in patients with 
chronic coronary artery disease or mitral valve prolapse 
and in normal subjects.26.33-36 

Spontaneous variability in ventricular ar- 
rhythmia: Marked spontaneous variability in the oc- 
currence of premature ventricular complexes has been 
noted.”’ The degree of such variability in patients in the 


CAVONANWYLYVL TUN TMAZIHHNE PATW2 FIN. ATWWITITHVHAAO—nNUVF"TCO LE! AL. 


postmyocardial infarction period is unknown but the 
incidence of premature ventricular complexes has been 
noted to increase with time after acute infarction. 
However, the response of a group to treatment of pre- 
mature complexes is a reliable indicator of drug effect. 
Spontaneous variation of up to 90 percent was present 
in 6 percent of patients studied by Winkle et al.?6 but 
a 90 percent reduction may exclude propranolol effect 
because this drug does not frequently result in a 90 
percent reduction. 

Our study of spontaneous variation shows an im- 
portant difference from previous findings. The fre- 
quency and complexity of premature ventricular com- 
plexes have been noted to increase between 3 and 12 
weeks after acute myocardial infarction.99?? Our group,: 
however, showed a significant reduction in premature 
ventricular complexes from control period 1 to control 
period 2 (p «0.01 to 0.05). A 56 percent reduction in 
frequency between control periods was noted as well as 
the marked individual variation usually seen. This 
frequency reduction between control periods is impor- 
tant because no significant change was seen in our pa- 
tients in the average rate of premature ventricular 
complexes between the 3rd and the 8th week after acute 
myocardial infarction. This finding would be evidence 
against the possibility that a chance selection of a group 
of patients with a spontaneously high rate of premature 
ventricular complexes during week 8 influenced the 
results. The serial studies during propranolol therapy 
also showed a reduction in premature ventricular 
complexes, making spontaneous variation a less likely 
explanation for the decreases observed. 

Implications: It would be interesting to speculate 
that the significant decrease in frequency of premature 
ventricular complexes for the group as a whole from the 
control periods before and after treatment may be sec- 
ondary to an effect of propranolol. This phenomenon 
is yet another factor to consider when treating patients 
after acute myocardial infarction. Further study is 
needed to assess any change in the natural history of 
premature ventricular complexes after acute myocardial 
infarction treated with antiarrhythmic agents. 
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potassium chloride slow-release tablets 


DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing high localized concentrations of potas- 
sium within (he-gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS. THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1 For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis: in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis 

2. For prevention of potassium depletion when tne dietary intake of potassium 
is inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites; states of 
aldosterome excess with normal renal function; potassium-losing nephropathy, 
and certam diarrheal states. 

3. The use c? potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 


ever, and. i! hypokalemia occurs. dietary supplementation with potassium- 


containing toods may be adequate to control milder cases. In more severe 
cases suppiementation with potassium saits may be indicated 
CONTRAINDICATIONS i 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (eg. spironolactone, triamterene) 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged leit atrium. 

All solid Gosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. Im these instances, potassium supplementation should be with a 
liquid preparation 

WARNINGS 

Hyperkalemia:in patients with impaired mechanisms for excreting potassium, 
admmistration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic Use of potassium salts in patients with 
chronic renal diséase, or any other condition wnich impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustmer !. 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treatec by the concomitant administration of potassium salts and a potassium- 
sparing Giuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolwng tablet, which injures the bowel wall and thereby produces 
obstruction. hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matr;x tablets (less than one per 100,000 patient-years) than with 
enteric-coatec potassium chloride tablets (40-50 per 100,000 patient-years) 
cases asscciated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
remains less than one per 100,000 patient-years. Slow-K should be discontin- 
ued immediately and the possibility of bowel obstruction or perforation con- 
sidered i! severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 


Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should - 


be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
@ patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level. the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
serum polassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
caretul attention to acid-base balance and appropriate monitoring of serum 
electrolytes. electrocardiogram, and clinical status of patient. 

ADVERSE REACTIONS 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
: fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals vor reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients. 
Skin resh has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day. 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is 
typically imthe range of 20 mEq per day for prevention of hypokalemia to 
40-100 mEq per day or more for treatment of potassium depletion. 

Note: Slow-K slow-release tablets mus: be swallowed whole and never 
crushed or chewed. 
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FRAIUUCY tCUliG 
(spironolactone) 





Indications: Diagaosis and treatment ef primary 


congestive heart failure and the nephrotic syndrome, when 
other measures are considered inappropriate. Cirrhosis of 


` hyperaldosteronism. Essential hypertension, edema of . 


the liver accompanied by edema and/or ascites. . 


Hypokalemia. 
Contraindications: Anuria, acute renal insufficiency, 
significant impairment of renal function, or hyperkalemia. 
: Excessive potassium intake may cause 


hyperkalemia. Potassium supplements should not be given ` 
with Aldactone. Do not administer concurrently with other 


potassium-sparing diuretics. 
Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. In one study using 25, 75, 


and 250 times the usua! daily human dose (2 mg. /kg.) there 


was a statistically significant dose-related increase in be- 


nign adenomas of the thyroid and testes. In female rats 


there was a statistically significant increase ir malignant 
mammary tumors at the mid-dose only. In male rats there 


was a dose-related increase in proliferative changes in the ` 
liver. At the highest dosage level (500 mg. /kg.) the range of 
effects included sc ict hyperplastic nodules . 


and hepatocellular carcinoma; 
significant. 

Precautions: Patients should be carefully evaluated 
for possible disturbances of fluid and electrolyte balance. 


e last was not statistically 


Hyperkalemia may occur in patients with impaired renal ` 


function or excessive potassium intake and car: cause car- 
diac irregularities which may be fatal. Hyponatremia may 


be caused or aggravated, especially when Aldactone is 


administered in combination with other diuretics. Transient 
elevation of BUN and/or mild acidosis may occur. Aldac- 
tane potentiates the roi mei — or antihyper- 
tensive agents, particularly ganglionic ing agents; 
therefore the dosage oí such drugs should be es by at 
least 50 percent when adding Aldactone. Gynecomastia 
may develop and in rare instances some breast enlarge- 
ment may persist. Vescular responsiveness to norepi- 
nephrine may be reduced. 

Spironolactone may cross the placental barier Use in 
pregnant women requires that the anticipated benefit be 
weighed against possible hazard to the fetus. Breast feed- 
ing should be discontinued when Aldactone is being used. 

Adverse Reactions: Gynecomastia is observed not 
infrequently. Gastrointestinal symptoms including cramp- 
ing and diarrhea, drowsiness, lethargy, headache, 
maculopapular or erythematous cutaneous eruptions, ur- 
ticaria, mental confusion, drug fever, ataxia, inability to 
achieve or maintain erection, irregular menses or 
amenorrhea, postmenopausal bleeding, hirsutism and 
deepening of the voice Carcinoma of the breast has been 
reported but a cause-and-effect relationship has not been 
established. Adverse reactions are usually reversible upon 
discontinuation of the drug. 

Dosage and Administration 


For primary hyperaldosteronism: 400 mg. daily for | 


three to four weeks (loag test), or for four days ‘short test). 
For preparation for surgery or for long-term maintenance 
therapy, 100 to 400 mc. daily 

For edema in iis Initial daily dosage is 100 mg. in 
divided doses but may range from 25 to 200 mg. daily If 
alter five days an adeguate diuretic response ^as not oc- 


curred, a second diuretic which acts more proximally in the ` 


renal tubule may be added. The dosage of Aldactone 
Ms remain unchanged when other diuretic therapy is 
a 


For edema in children: Initial daily dosage should 
provide approximately 1.5 mg. per pound of body weight 
(3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adul: daily dos- 
age of 50 to 100-mg. in divided doses, alone or with diuret- 
ics which act more proximally in the renal tubule, or with 
other antihypertensive agents. Continue treatment for at 
least two weeks since maximal response may not occur 
before this time. Adjust subsequent dosage according to 


patient response. 


For hypokalemia: 25 to 100 mg. daily in divided doses. 
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G. D. Searle & Co. 
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inadequate or —: 


E Aldactone, an effective diuretic in its own 
right, also enhances the efficacy of other 
diuretic agents. 


he unique potassium-regulating 
mechanism of Aldactone can prevent hypo- 
kaleguia with limited risk of hyperkalemia. This 
he otect your patient from digitalis- 
in arrhythmias. 


[sf Unlike other potassium-sparers, Aldactone 
specifically antagonizes aldosterone, thereby 
mitigating secondary volume buildup. 


For these reasons, Aldactone is a valuable 
adjunct in the treatment of CHF 


Limitations to Consider: Spironolactone has 
been shown to be a tumorigen in chronic 
toxicity studies in rats. Thus, Aldactone should 
be prescribed only when other measures are 
considered inadequate or inappropriate. (See 
boxed warning and Warnings section of 
Aldactone prescribing information.) 


Before prescribing, please consult the complete 
prescribing information, a brief summary of which 
appears on the preceding page. 
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iuclear cardiology. Compact, exceptionally 
naneuverable, easy to position and extremely 
ersatile, it combines superb single-crystal image 
uality with the ultra-high count rates previously 
btainable only with low-resolution multicrystal 
ameras. 


alscint Inc. 
38-160 Johnson Avenue, 
lackensack, N.J. 07602, U.S.A. 


‘all toll Free: 800-631-1694 


niversal Cardiological Capability 


rystal Clear First-Pass Examinations at count rates 
s high as 500,000 CPS and resolutions as fine as 
.8 mm (bar phantom). Unobstructed RAO dynamic 
ews of distinct clarity. 
Itra-Fast Equilibrium Gated Dynamics at 
precedented combinations of frame rate and 
"solution (64 frames per heart cycle for 64? matrices), 
rest or during exercise. 
uperior Quality Static Myocardial Imaging with 
ther *?Tc pyrophosphate or ??'TI. Images acquired 
d displayed on 512? matrices with 256 gray levels. 


Set of Dedicated Cardiological Programs, 
ontinuously Enriched 
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Up to three simultaneous cine-views. 

Wall motion visualization and quantification. 
Ejection Fraction and Ejection Rate calculation. 
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MI. Catheterization 
showed 3 vessel 
CAD (LVEF = 35%). 
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the Regional 
Ejection Fraction. 
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Recent experience has suggested that the ergonovine maleate test is a 
safe procedure for the diagnosis of variant angina pectoris, because er- 
gonovine-induced coronary vasospasm has generally been reversible by 
sublingual nitroglycerin. This report describes five cases of ergonovine- 
induced coronary vasospasm that were refractory to sublingual nitro- 
glycerin. Four of these patients had cardiac arrest. In two patients the 
vasospasm was responsive to intracoronary nitroglycerin administration. 
Three patients died as a result of the test. The two survivors differed from 
the nonsurvivors in the total dose of ergonovine given (0.1 and 0.15 mg 
versus 0.17, 0.3 and 0.3 mg, respectively) and in the method of admin- 
istration of ergonovine. The survivors were given serial doses of 0.05 mg 
each, whereas the three nonsurvivors received either larger initial doses 
(0.1 followed by 0.07 mg) or progressive incremental doses (0.05, 0.1 
and 0.15 mg serially). Sublingual nitroglycerin, given to all five patients, 
and intravenous nitroglycerin, given to three of the five, were ineffective 
in reversing vasospasm. Intracoronary nitroglycerin favorably altered the 
course of the survivors. Thus, the ergonovine maleate test is not benign 
and may cause severe coronary vasospasm that is unresponsive to sub- 
lingual and intravenous nitroglycerin, but may be reversed by intracoronary 
nitroglycerin. 


Coronary vasospasm is an important etiologic mechanism in the 
pathogenesis of myocardial ischemia. Encouraging initial results of 
therapy with calcium flux blocking agents! along with the disappointing 
surgical results in vasospastic angina? make the proper diagnosis of 
coronary spasm crucial. The ergonovine maleate test has generally been 
accepted as a safe, sensitive, and specific maneuver for detecting coro- 
nary spasm, and has gained widespread use.57? The vasospasm induced 
by ergonovine has usually been readily reversible by sublingual or in- 
travenous nitroglycerin, or both,?5-7 and the test has been performed 
outside the cardiac catheterization laboratory with only clinical and 
electrocardiographic monitoring available.9? If vasospasm were pre- 
dictably reversible in every instance, the ergonovine maleate test could 
be safely performed in the noninvasive laboratory or coronary care unit 
setting. In this report we describe five patients who had vasospasm re- 
fractory to sublingual or intravenous nitroglycerin therapy, or both, after 
administration of ergonovine maleate. We review in detail the applica- 
tion of the ergonovine test in these cases, and suggest guidelines for the 
ergonovine maleate test with emphasis on the use of intracoronary ni- 
troglycerin for the reversal of refractory coronary vasospasm. 


Case Reports 


These five cases were collected from four institutions. We have access to 
complete records from one institution (reporting Cases 1 and 2). In that insti- 
tution, 106 ergonovine tests were carried out in 1978 and 1979; 14 of 15 tests in 
patients with variant angina were positive (that is, vasospasm was documented 
in the catheterization laboratory). In this series the incidence of serious com- 
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TABLE | 
Clinical Characteristics of Five Patients 


Electrocardiogram 


Case Age (yr) & Sex Control 

1 36F Long Q-T 

2 48F T wave inversion 
anterolateral leads 

3 45M Nonspecific ST-T 
wave abnormalitie 

4 63F Q wave V4- V3; eT l, Il 
aVL, aVF, V4-Vg 

5 58M Normal 


A-V = atrioventricular; LAD = 
= right coronary artery; | = depression; * = elevation. 


plications was 2 of 15 or 13 percent of the population with 
variant angina. The clinical and catheterization data and 
details of ergonovine maleate test results in the five reported 
cases are summarized in Tables I to III. 

Case 1: A 36 year old woman was well until 2 months before 
hospital admission when severe anginal pain awakened her 
from sleep. Serial electrocardiograms and serum enzyme de- 
terminations were compatible with a nontransmural myo- 
cardial infarction. Treatment with nitroglycerin ointment was 
instituted, and because nocturnal angina continued she was 
readmitted 2 months later for cardiac catheterization. Phys- 
ical examination was normal, as was a resting electrocardio- 
gram with the exception of a prolonged Q-T interval. Cardiac 
catheterization revealed a left ventricular end-diastolic 
pressure of 15 mm Hg, but otherwise normal hemodynamic 
status. A left ventriculogram was normal with an ejection 
fraction of 59 percent. Coronary arteriography performed 
using the Judkins technique showed minor irregularities of 
the left anterior descending and the mid right coronary ar- 
teries. The patient was then given two doses of ergonovine 
maleate, 0.05 mg each, intravenously 3 minutes apart. Three 
minutes after the second dose the patient experienced severe 
chest pain accompanied by 4 mm S-T segment elevation in 
lead V. A repeated left coronary arteriogram demonstrated 
a 99 percent occlusion of the left anterior descending coronary 
artery that subsided within 4 minutes after administration 
of three sublingual nitroglycerin tablets, 0.4 mg each. 

Two days later the patient returned to the catheterization 
laboratory for evaluation of nifedipine therapy. After base- 


TABLE Il 
Results of Ergonovine Testing in Five Cases 
| Ergonovine Dose (mg) 
Case Total Dose Individual Doses Electrocardiographic 
1 M 0.05 X 2 S-Tt anterior leads 
+ inferior leads 
2 0.15 0.05 X 3 S-T1 inferior leads 
3 0.17 0.1, 0.07 S-T1 anterior leads 
4 0.3 0.05, 0.1, 0.15 S-TÎ + S-T| 
inferior leads 
5 0.3 0.05, 0.1, 0.15 S-T1 anterior leads 


Coronary Arteriogram 
During Angina (baseline) 
s anterior leads Minor irregularity: LAD, RCA 
S-T | inferior leads; No lesions 
A-V block 
S-TÎ anterior leads Noncritical narrowing: LAD, LCx 
A-V block; Total occlusion: LAD. 


S-TÎ inferior leads 
S-TÎ anterior leads 


Minor irregularity: RCA, LCx 
Minor irregularity: RCA, LCA 


left anterior descending coronary artery; LCA = 


left coronary artery; LCx = left circumflex coronary artery; RCA 


line measurements the patient was given nifedipine, 20 mg 
buccally. Twenty-five minutes later, two 0.05 mg doses of er- 
gonovine maleate were given intravenously in the same 
manner as 2 days earlier. Within 2 minutes the patient com- 
plained of substernaldiseomfort, and minor S-T elevation was 
noted in lead V;. Coronary arteriography now demonstrated 
diffuse spasm of the left coronary artery. Nitroglycerin, 0.4 
mg, was given sublingually and the dose repeated twice, but 
the chest pain persisted, S- T elevation in lead V, increased, 
S-T elevation in lead II was noted and systemic hypotension 
developed. An intravenous nitroglycerin infusion (300 ug/min) 
was immediately begun, but the systemic blood pressure 
rapidly decreased to 60 mm Hg. Complete atrioventricular 
block and electromechanical dissociation developed (Fig. 1, 

left), and the patient had a cardiopulmonary arrest. Cardio- 
pulmonary resuscitation was initiated, and a mixture of 
Renografin-76® and nitroglycerin, 300 ug, was injected twice 
directly into the left coronary artery. Further left coronary 
arteriography revealed resolution of vasospasm, but asystole 
persisted. Right coronary arteriography revealed severe, dif- 
fuse vasospasm. A mixture of Renografin-76 and nitroglycerin, 
300 ug, was then injected into the right coronary artery, and 
subsequent injections revealed relief of the vasospasm. The 
S-T elevation gradually resolved and systemic arterial pres- 
sure increased. During resolution of vasospasm, the patient 
had three episodes of ventricular tachycardia that responded 
to electric cardioversion. Approximately 1.5 hours after the 
initial cardiac arrest the patient regained normal sinus rhythm 
and blood pressure (120/80 mm Hg) (Fig. 1, right). A post- 


Responses to Ergonovine 


Angiographic Clinical Outcome 
Diffuse spasm of Hypotension, cardio- Uneventful 
both LCA and RCA pulmonary arrest with recovery 
electromechanical 
dissociation 
Severe diffuse Hypotension Complete 
spasm of RCA recovery 
Severe proximal Hypotension followed Death 
LAD spasm by ventricular 
fibrillation 
Severe diffuse Hypotension followed Death 
spasm of RCA by refractory 
ventricular fibrillation 
Severe spasm of Hypotension followed Death 


entire LCA by electromechanical 


dissociation 





Abbreviations as in Table I. 
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arrest electrocardiogram showed T wave inversions in leads 
V1 to Ve. Further recovery was otherwise uneventful. The 
patient remains asymptomatic and well on nitrate therapy 12 
months after this event. 


Case 2: A 48 year old woman was admitted for evaluation 
of variant angina. The baseline coronary angiogram was nor- 
mal (Fig. 2, upper left). The patient was given three 0.05 mg 
intravenous bolus injections of ergonovine at 5 minute inter- 
vals. Severe angina developed after the last dose, and a second 
angiogram revealed progressive severe spasm of the right 
coronary artery accompanied by S-T segment elevation in the 
inferior leads and hypotension to 50 mm Hg systolic followed 
by complete A-V block. Spasm persisted after administration 
of four 0.4 mg sublingual nitroglycerin tablets (Fig. 2, upper 
right). Therefore, 0.6 mg of nitroglycerin was slowly infused 
into the right coronary artery with complete resolution of 
angiographic evidence of spasm and reversal of electrocar- 
diographic changes and hypotension (Fig. 2, lower left). 


Case 3: A 45 year old laborer was admitted to the hospital 
for evaluation of nonexertional chest pain of 10 years' dura- 
tion. Physical examination was normal. The initial electro- 
cardiogram revealed minor nonspecific repolarization ab- 
normalities. During a spontaneous episode of pain, S-T seg- 
ment elevation in a modified chest lead was noted and tran- 
sient A-V block developed. Coronary arteriography revealed 
noncritical luminal irregularities of the left anterior de- 
scending and circumflex coronary arteries. Ergonovine ma- 
leate, 0.1 mg as the initial dose, was then given intravenously 
and within 2 minutes the patient complained of mild chest 
discomfort. However, a second arteriogram of the left coronary 
system showed no change. The right coronary arteriogram was 
not repeated. After 5 minutes an additional 0.07 mg dose of 
ergonovine was given intravenously for a total dose of 0.17 mg. 
Within 1 minute the patient noted severe chest pain, and in- 
jection into the left coronary artery disclosed severe spasm of 
the proximal left anterior descending branch. Sublingual ni- 
troglycerin, 0.4 mg, was administered and the dose repeated 
once, but the chest pain persisted. Five minutes after the last 
arteriogram severe hypotension developed and remained re- 
fractory to phentolamine, intravenous nitroglyerin and nor- 
epinephrine. Ventricular fibrillation occurred and the patient 
could not be resuscitated. 


Case 4: A 63 year old woman was admitted for evaluation 
of prolonged chest pain. She had had a myocardial infarction 
4 years previously. Physical examination was normal. The 
initial electrocardiogram showed Q waves in leads V; to V3 and 
S-T segment depression in leads I, II, aVL and V4 to Ve. She 


lead II 


FIGURE 1. Case 1. Left, simultaneous lead 
I| electrocardiogram (EKG) and systemic 
arterial pressure tracing during bilateral 
coronary spasm. There is marked S-T el- 
evation and electromechanical dissocia- 
tion. Right, after intracoronary nitroglycerin 
administration. The electrocardiogram and 
arterial blood pressure have returned to 
baseline. 
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REFRACTORY CORONARY VASOSPASM—BUXTON ET AL. 








TABLE Ill 
Nitroglycerin Doses Given After Ergonovine 
| Intracoronary 
Sublingual Intravenous (49) 
Case (mg) (ug) Left Right 
1 1.2 Continuous drip, 600 300 
300/min 
2 1.6 T 600 
3 0.8 Unknown (dil 
4 1.2 600 100 
5 0.9 TT 
... = not given. 


was treated with oral nitrates and propranolol but episodes 
of angina recurred. During the chest pain reversible S-T seg- 
ment elevation in leads II, III and aVF, and high grade A-V 
block occurred. 

At cardiac catheterization, the left ventricular end-dia- 
stolic pressure was 18 mm Hg. A left ventriculogram was 
normal with an ejection fraction of 62 percent. Arteriography 
of the left coronary system revealed total occlusion of the left 
anterior descending artery. Noncritical luminal irregularities 
of the circumflex artery were present, and the first diagonal 
branch of the left anterior descending artery filled by way of 
collateral vessels from the circumflex artery. The right coro- 
nary artery was a large, dominant vessel with a proximal 50 
percent stenotic lesion. 

Ergonovine maleate was administered in three sequential 
doses of 0.05, 0.1, and 0.15 mg at 3 minute intervals for a total 
dose of 0.3 mg. After the third dose the patient experienced 
chest pain associated with S- T segment depression in lead II 
with peaking of T waves and occasional ventricular premature 
complexes. Angiography of the right coronary artery now 
demonstrated severe diffuse spasm of the proximal portions 
of this vessel. The blood pressure decreased progressively to 
50 mm Hg systolic. Sublingual nitroglycerin was given ini- 
tially, followed by 100 ug intravenously and phentolamine, 
5 mg intravenously. The hypotension persisted and high grade 
A-V block developed. Nitroglycerin, 100 ug, was injected into 
the right coronary orifice, and then an additional 500 ug was 
injected intravenously. Intractable ventricular tachycardia 
and fibrillation developed, and the patient died despite at- 
tempted emergency saphenous vein aortocoronary artery 
bypass grafting. 


Case 5: A 58 year old man was admitted to the hospital for 
evaluation of exertional and resting angina pectoris of 1.5 
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years’ duration. In spite of therapy with nitroglycerin and Discussion 
propranolol frequent episodes of pain continued. 'The physical 
examination and electrocardiogram at rest were normal. At 
cardiac catheterization the left ventricular end-diastolic 
pressure was 20 mm Hg. The left ventriculogram was normal 


Ergonovine maleate in variant angina versus 
atypical chest pain syndrome: The ergonovine ma- 
leate test has been shown to be sensitive and specific for 


with an ejection fraction of 71 percent. Coronary arteriography the detection of coronary vasospasm.?7 The clinical, 
revealed a mixed dominant svstem with luminal irregularities hemodynamic, metabolic and angiographic responses 
of both coronary arteries but no obstructing lesions (Fig. 3, to ergonovine in patients with variant angina differ 
left). markedly from those in patients with an atypica! chest 

Ergonovine maleate was then infused intravenously as pain syndrome.!9!! In patients with variant angina 
three sequential doses of 0.05, 0.10, and 0.15 mg at 3 minute typical anginal pain is reproduced and accompanied by 


intervals for a total dose of 0.3 mg. After the third dose the 
patient noted chest pain, and S- T segment elevation in leads 
Vi to V¢ occurred. Left coronary arteriography after admin- 
istration of ergonovine revealed spasm with obliteration of the 


S-T segment shifts in the electrocardiogram. The sys- 
temic arterial pressure shows no consistent response, 
increasing in some patients but decreasing in others if 


entire left coronary system (Fig. 3, right). Three doses of ni- marked left ventricular dysfunction develops as a con- 
troglycerin, 0.3 mg, were administered sublingually, but sequence of myocardial ischemia. As a result of a de- 
progressive hypotension and electromechanical dissociation crease in coronary blood flow due to coronary vasos- 
occurred. Attempts at resuscitation were unsuccessful and the pasm, the coronary vascular resistance consistently 
patient died. increases, and metabolic evidence of myocardial isch- 





FIGURE 2. Case 2. Upper left, normal baseline right coronary arterio- 
gram. A demand ventricular pacing catheter was pulled back to the 
inferior vena cava because cf right ventricular irritability. Upper right, 
severe right coronary artery spasm induced by ergonovine maleate 
persisting after sublingual administration of nitroglycerin (1.6 mg). Lower 
left, resolution of right coronary arterial spasm after intracoronary ad- 
ministration of nitroglycerin (0.6 mg). 
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emia develops. Angiography in these patients shows 
focal spasm of a major epicardial coronary artery. In 
contrast, although patients with an atypical chest pain 
syndrome sometimes experience chest discomfort after 
ergonovine, this is not accompanied by electrocardio- 
graphic changes. In this latter group of patients the 
systemic arterial pressure increases, causing an increase 
in coronary blood flow resulting in' no significant 
changes in calculated coronary resistance. No metabolic 
evidence of myocardial ischemia can be detected, and 
angiography shows only mild diffuse narrowing of the 
entire coronary bed. Thus, the actions of ergonovine 
maleate in patients with an atypical chest pain syn- 
drome differ markedly from its action on patients with 
variant angina. The drug appears quite safe in patients 
with atypical chest pain, whereas the potential for in- 
ducing severe myocardial ischemia exists when it is 
given to patients with variant angina. 

Dangers of the ergonovine maleate test: The 
major findings of the present study are that: (1) The 
ergonovine maleate test may produce severe, intractable 
coronary vasospasm; (2) nitroglycerin as administered 
routinely by the sublingual or intravenous routes may 
be inadequate to relieve induced coronary vasospasm; 
and (3) intracoronary administration of nitroglycerin 
may reverse otherwise refractory coronary vaso- 
spasm. 

Examination of these five cases reveals certain 
characteristics of the ergonovine maleate test that may 
predispose to the development of severe, refractory 
coronary vasospasm. Although the total doses of ergo- 
novine administered (0.1, 0.15, 0.17, 0.3 and 0.3 mg, 
respectively) were well within those used “safely” in 
recent reports,? in the experience of Goldberg et al.!° 
and Curry et al.,’ total doses of 0.2 mg or less of the drug 
were sufficient to provoke spasm in patients with vari- 
ant angina. Doses larger than 0.2 mg may contribute an 
unnecessary added risk to the test that is not justified 
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by significantly increasing its sensitivity. The method 
of ergonovine administration may also be critical, as 
exemplified by the contrast between the outcomes in 
the first two patients and in the others. Patients 1 and 
2 received equal, small (0.05 mg each) serial doses of 
ergonovine, whereas the other patients were given either 
larger doses initially (Case 3, 0.1 mg followed by 0.07 
mg), or progressive incremental doses (Cases 4 and 5, 
0.05 mg, 0.1 mg and 0.15 mg serially). There does not 
appear to be any advantage to the administration of 
incremental doses, and sudden induction of intractable 
vasospasm may result from such a regimen. It is possible 
that spasm in some patients might be recognized angi- 
ographically before chest pain or electrocardiographic 
evidence of myocardial ischemia develops, and se- 
quential angiograms performed after each dose of er- 
gonovine may permit earlier recognition of coronary 
vasospasm, thus avoiding the use of higher doses of er- 
gonovine. If clinically indicated, both coronary arteries 
should be visualized between doses of ergonovine. 

Sublingual or intravenous nitroglycerin versus 
intracoronary nitroglycerin: The usefulness of the 
ergonovine test is based not only on its high sensitivity 
and specificity, but also on its apparent safety. In four 
recent reports?-^!? describing experience with ergo- 
novine maleate testing in a total of 235 patients there 
were no serious complications. The ergonovine test has 
been considered safe because of the potential ready 
reversibility of induced vasospasm with sublingual ni- 
troglycerin. The four reports cited all describe relief of 
myocardial ischemia due to coronary spasm within 5 to 
10 minutes of administration of nitroglycerin, and a 
recent review® of coronary spasm states that “ergono- 
vine-induced coronary artery spasm is quickly relieved 
by nitroglycerin.” 

Our five cases demonstrate that ergonovine-induced 
spasm may be refractory to routine sublingual nitro- 
glycerin, and even to intravenous nitroglycerin. In such 





FIGURE 3. Case 5. Left, left coronary arteriogram in baseline state demonstrating no obstructing lesions. Right, left coronary arteriogram after 
administration of ergonovine maleate (total dose of 0.3 mg) demonstrating severe diffuse vasospasm of the entire left coronary system. 
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instances, the administration of nitroglycerin by the 
intracoronary route in repeated doses until angiographic 
and clinical evidence of myocardial ischemia is reversed 
may be crucial. However, in one of our cases, even in- 
tracoronary nitroglycerin failed to reverse the coronary 
spasm. The favorable outcomes in Cases 1 and 2 were 
possibly due to the much larger doses of nitroglycerin 
administered by the intracoronary route earlier in the 
course of events. Intracoronary administration of ni- 
troglycerin has been shown to reverse safely coronary 
vasospasm associated with acute myocardial infarc- 
tion,!? and it may be similarly efficacious in the reversal 
of refractory arteriospasm induced by ergonovine. In- 
tracoronary nitroglycerin may be more beneficial than 
intravenous nitroglycerin in this situation for two rea- 
sons: if coronary vasospasm causes systemic hypoten- 
sion, nitroglycerin administered intravenously may 
cause venous pooling and worsen the systemic hypo- 
tension, which may in turn worsen the spasm-induced 
myocardial ischemia. Under those conditions the ni- 
troglycerin may not reach its critical site of action—the 
coronary arteries. Nitroglycerin administered by the 
intracoronary route may have a lesser systemic hemo- 
dynamic effect with a greater amount delivered to the 
coronary vascular bed. 

Cardiac catheterization laboratory versus cor- 
onary care unit testing: It has been proposed that 
provocative testing with ergonovine be done in a coro- 
nary care unit rather than in the catheterization labo- 
ratory because of possible difficulties in interpreting 
coronary angiograms due to catheter-induced spasm, 
masking of coronary vasospasm because of vasodilating 
effects of angiographic dyes and because of the additive 
risk cf coronary arteriography superimposed on that of 
the administration of ergonovine.9? It would appear 
that the first two considerations are more of theoretic 
than real concern, and that the potential advantages of 
being able to administer nitroglycerin by way of the 
intracoronary route outweigh any potential disadvan- 
tages. 

Recommended guidelines for ergonovine testing: 
In light of these experiences we offer the following rec- 
ommendations for the conduct of provocative testing 
for coronary arterial spasm with ergonovine: 


1. Testing should be done only with full hemody- 
namic and electrocardiographic monitoring in a cath- 
eterization laboratory experienced in the use of ergo- 
novine. A right ventricular pacing catheter should be 
in place in case A-V block develops. Sublingual and 
parenteral nitroglycerm should be available. 

2. Ergonovine maleate should be given in serial doses 
of not more than 0.05 mg each, separated by adequate 
time to observe potential responses (5 to 6 minutes), 
with test arteriograms performed between each dose, 
until the first signs or symptoms of coronary spasm 
occur or a maximal total dose of 0.2 mg is given. 

3. If spasm is noted or chest pain accompanied by 
S-T segment alterations occurs, no further ergonovine 
is given. Coronary arteriography should be performed 
to confirm the site and severity of spasm and nitro- 
glycerin should be promptly administered sublingually. 
The angiographer should be prepared to visualize rap- 
idly either or both coronary arteries. This can be ac- 
complished using either the brachial or femoral tech- 
nique. If sublingual nitroglycerin does not result in rapid 
relief of chest pain and abolition of electrocardiographic 
and angiographic evidence of spasm, direct intracoro- 
nary nitroglycerin in 100 to 300 ug bolus doses should 
be given immediately with doses repeated until relief 
of spasm is confirmed angiographically together with 
relief of chest pain and normalization of electrocardio- 
graphic changes. Arrhythmias in this setting are sec- 
ondary to myocardial ischemia, and therapy should be 
directed primarily to reversal of spasm. 

Because the conditions necessary for the conduct of 
a useful and safe ergonovine test exist only in the 
catheterization laboratory we believe that provocative 
testing is not ideally done in the coronary care unit or 
in noninvasive settings. In addition, the role of intra- 
coronary nitroglycerin in the relief of spasm needs fur- 
ther definition. Studies using intracoronary nitroglyc- 
erin need to be carried out to define efficacy, safety and 
dosage needed to reverse vasospasm. 
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Provocative Testing for Coronary Arterial Spasm: 


Hisk, Method and Rationale* 


FREDERICK A. HEUPLER, Jr., MD, FACC 
Cleveland, Ohio 


The paper by Buxton et al.! in this issue of the Journal 
raises serious questions about the safety of provocative 
testing for coronary arterial spasm. The authors de- 
scribe three patients who died and one who had a 
myocardial infarction as a result of provocative testing. 
Their report is important insofar as it alerts others to 
the complications that may occur when coronary spasm 
is induced and is not reversed promptly. 

The ergonovine maleate provocative test for symp- 
tomatic coronary spasm in patients with nearly normal 
coronary arteriograms was introduced at the Cleveland 
Clinic in 1972. The test was developed to document 
coronary spasm during coronary arteriography. Just as 
routine coronary arteriography is often essential for the 
accurate diagnosis of fixed obstructive coronary disease, 
the angiographic demonstration of coronary spasm is 
often necessary to confirm the diagnosis of symptomatic 
coronary spasm. Because this test is widely applied 
throughout the world, the Buxton report merits further 
analysis of the risk-benefit ratio of provocative testing 
for coronary arterial spasm. 


Diagnosis of Symptomatic Coronary 
Arterial Spasm 


Clinical diagnosis of symptomatic coronary 
spasm: The syndrome of symptomatic coronary spasm 
in patients with nearly normal coronary arteriograms 
is rare and often difficult to diagnose. Patients with this 
syndrome usually give a typical history of nocturnal 
angina and minimal or no exertional angina. Syncope 
with angina occasionally occurs. A complete electro- 
cardiogram during chest pain reveals S- T segment el- 
evation in approximately 75 percent of patients with 
this syndrome and S-T segment depression or T wave 
changes in the remainder. Seven percent of patients 
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have no detectable electrocardiographic abnormalities 
during at least some anginal attacks. Major arrhythmias 
occur during ischemia in nearly half the patients.? 

Angiographic diagnosis of symptomatic coronary 
spasm: Because most patients with this syndrome do 
not manifest coronary spasm spontaneously during 
cardiac catheterization, provocative testing with an 
agent such as ergonovine maleate is often necessary if 
the physician wishes to confirm the diagnosis of coro- 
nary spasm angiographically. The ergonovine maleate 
test is highly sensitive and specific for the detection of 
symptomatic coronary spasm in patients with normal 
coronary arteriograms. In 112 patients from 12 insti- 
tutions with Prinzmetal's variant angina and normal 
coronary arteriograms (Table I), the ergonovine test was 
positive in 110 (98 percent). Among 15 control patients, 
the test was negative in all.? The sensitivity and speci- 
ficity of the ergonovine test in patients with normal 
coronary arteriograms applies not only to patients with 
Prinzmetal's variant angina, but also to patients with 
S-T segment depression or T wave changes during an- 
gina. 


Risk of Provocative Testing for Coronary Spasm 


Arrhythmias: Coronary arterial spasm induced by 
the ergonovine test can produce major arrhythmias 
(complete heart block, ventricular tachycardia or fi- 
brillation, and asystole).?4 Such arrhythmias occur only 
if the test is positive. Nearly one half of patients with 
symptomatic coronary spasm manifest major arrhyth- 
mias with at least some spontaneous attacks.? We ob- 
served major arrhythmias during coronary arteriogra- 
phy in 3 (11 percent) of 27 patients with induced coro- 
nary spasm and 2 (22 percent) of 9 patients with spon- 
taneous spasm.? These findings have important impli- 
cations: In patients with the coronary spasm syndrome, 
the risk of arrhythmia exists regardless of whether the 
spasm is spontaneous or induced. 

Mortality: In the paper by Buxton et al.,! the mor- 
tality risk of provocative testing cannot be evaluated, 
because their study did not provide data regarding the 
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TABLE | 
Ergonovine Test Results 
Reference Patients Positive Tests (n) MI or 

(first author) Tested (n) Prinzmetal Patients Death 
Curry? 130 10/10 0 
Cipriano? 90 8/9 0 
Clark? 99 19/19 0 
Dauwe” 86 14/14 0 
Gerry? 35 3/3 0 
Johnstone? 27 2/2 0 
Parodi 10 16 ? 0 
Previtaii ! ! 14 14/14 0 
Rothman'? 20 ? 0 
Specchia'? 8 6/6 0 
Weisinger 14 37 bal 0 
Heupler* 300 34/35 0 
Total 862 110/112 0 


* Unpublished observations. 
MI = myocardial infarction. 


number of patients undergoing ergonovine testing or the 
overall mortality with coronary arteriography in their 
laboratories. However, even if the authors had per- 
formed 200 ergonovine tests, the occurrence of four 
major complications would be of concern. 

Prior to the Buxton report, no deaths or myocardial 
infarction had been reported among 852 patients who 
underwent ergonovine testing at 12 different institu- 
tions (Table I).4-!4 The mortality experience of Buxton 
et al., therefore, appears to be unusual. Perhaps this is 
related to the technique for performing the test. 


Technique of Ergonovine Testing 


Patient selection: Provocative testing should be 
avoided in patients with a recent myocardial infarction, 
cerebrovascular disease or multiple fixed severe coro- 
nary obstructions (greater than 50 percent of coronary 
luminal diameter). The ergonovine test is most useful 
in the patient without fixed severe obstructions or the 
patient with a fixed severe obstruction in one artery and 
angina with ischemic electrocardiographic changes in 
the distribution of another artery that is normal. 

Electrocardiographic monitoring: Because S-T 
segment elevation may occur without angina and may 
‘be the only evidence of severe coronary arterial spasm, 
the angiographer should be prepared to detect S-T 
segment changes by monitoring precordial as well as 
limb leads with an electrocardiograph capable of re- 
cording six leads simultaneously. A single lead is not 
sufficient. A complete electrocardiogram should be re- 
corded at least once each minute after ergonovine is 
administered, and a single lead (usually lead II) moni- 
tored continuously. 

Observation of ergonovine effect: After the first 
dose of ergonovine maleate is administered as a bolus 
(usually 0.05 or 0.1 mg), the patient should be observed 
for angina, dyspnea, arrhythmia, hypotension, ischemic 
electrocardiographic changes and coronary spasm. The 
onset of spasm is usually 3 to 6 minutes after the ergo- 
novine is given. À subsequent dose of ergonovine should 
never be given until (1) the effects of the previous dose 


have been evaluated for at least 6 minutes, and (2) both 
coronary arteries have been visualized to assure that 
silent spasm has not been provoked. 

Incremental doses of ergonovine: The duration of 
coronary spasm produced by ergonovine maleate is not 
definitely known, but appears to be in the range of 10 
to 15 minutes. A cumulative effect of small equal doses 
of ergonovine maleate will occur if the drug is given at 
3 minute intervals, but this interval is too short to per- 
mit observation of the effects of each dose. If these doses 
are given at 10 minute intervals, a cumulative effect may 
not occur. Therefore, we recommend incremental doses 
(for example, 0.05, 0.1 and 0.2 mg) at intervals of not less 
than 10 minutes. This procedure tends to minimize the 
cumulative effect of repeated doses and yet permits an 
adequate dose to produce coronary spasm. If a patient 
does not respond to a 0.2 mg bolus dose, it is unlikely he 
will respond to larger doses. Extreme caution should be 
used in patients with a history of syncope with angina 
or in patients with major arrhythmias or hypotension 
during angina. It is best to start with a small dose of 
ergonovine in such patients (no more than 0.05 mg) and 
to observe closely for the earliest evidence of a positive 
test. 

Recognition of a positive ergonovine test: The 
ergonovine test is positive if severe (greater than 75 
percent narrowing of luminal diameter) coronary spasm 
develops, with or without associated angina or ischemic 
electrocardiographic changes. The diameter of the 
spastic segment after ergonovine should be compared 
with the diameter of the same segment before nitro- 
glycerin. If the ergonovine test is performed outside the 
catheterization laboratory, the sensitivity of the test 
may be impaired, because patients with silent coronary 
spasm, without angina or electrocardiographic changes, 
will not be detected. 

Management of the ischemic response: If the pa- 
tient manifests angina, dyspnea, ischemic electrocar- 
diographic changes, arrhythmia or hypotension after 
administration of ergonovine maleate, an electrocar- 
diogram is quickly obtained, and both coronary arteries 
are rapidly visualized. If severe coronary spasm is 
present, the test is immediately terminated by injection 
of 0.2 mg nitroglycerin solution into the spastic artery. 
A 5 ml syringe of nitroglycerin solution (0.2 or 0.4 
mg/ml) should be prepared before the test is performed. 
Both coronary arteries are again visualized to assure 
that the spasm has subsided. If it has not, 0.2 mg ni- 
troglycerin solution is again injected into the spastic 
artery, and this is repeated until the spasm has sub- 
sided. Rapid alternate visualization of the right and left 
coronary arteries followed by injection of nitroglycerin 
solution is facilitated by a flexible tip catheter, such as 
the Sones or Schoonmaker catheter, rather than a pre- 
formed catheter. 

An advantage of performing ergonovine testing in the 
catheterization laboratory rather than the coronary care 
unit is the ability to identify “silent” spasm and to inject 
intracoronary nitroglycerin solution and rapidly reverse 
the spasm. However, the test has been performed out- 
side the catheterization laboratory with a high degree 
of safety in some centers.’ 
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If hypotension occurs as a result of coronary spasm, 
it is usually due to widespread myocardial ischemia and 
requires immediate reversal by intracoronary admin- 
istration of nitroglycerin. The development of severe 
bradyarrhythmias can often be anticipated on the basis 
of a previous history, or at least a history of syncope or 
lightheadedness during angina. In patients with these 
findings, a temporary transvenous pacemaker should 
be inserted before the ergonovine maleate test is per- 
formed. 

Because the effect of ergonovine may be prolonged, 
the patient should be observed for 15 minutes after the 
last dose of ergonovine before the catheter is removed. 
We have seen on rare occasions a delayed recurrence of 
coronary spasm as late as 10 minutes after an episode 
of induced spasm. 


Indications for Provocative Testing for 
Coronary Spasm 


If a patient with a normal coronary arteriogram re- 
peatedly manifests S- T segment elevation during chest 
pain at rest, the diagnosis of coronary arterial spasm is 
nearly certain. Provocative testing for coronary spasm 


EDITORIALS 


in such a patient is not necessary for routine evaluation, 
because the test will almost invariably be positive. 
Provocative testing for coronary spasm is most likely 
to be of clinical value in the diagnosis and treatment of 
the patient with a normal coronary arteriogram who has 
(1) S-T segment depression or T wave changes during 
chest pain; (2) major arrhythmias or syncope during 
chest pain; (3) a normal electrocardiogram during chest 
pain, but a history strongly suggestive of angina; (4) left 
bundle branch block or pacemaker rhythm and chest 
pain at rest; or (5) chest pain at rest, but in whom it has 
been impossible to obtain an electrocardiogram during 
pain. 

The indications for ergonovine testing in patients 
with fixed severe coronary obstructions remain to be 
established, but the test should probably be avoided 
especially in patients with multiple severe obstruc- 
tions. 

The ergonovine maleate provocative test is sensitive, 
specific and clinically useful for recognizing patients 
with symptomatic coronary spasm and nearly normal 
coronary arteriograms. However, it is a *double-edged 
sword" that must be used cautiously. 
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Provocative Testing for Coronary Arterial Spasm With 


Ergonovine Maleate* 
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'The hypothesis of functional coronary arterial spasm 
leading to angina pectoris was conceived simultaneously 
with the description of the typical effort angina pectoris 
by Heberden! in 1768 to 1772. This hypothesis remained 
dormant through the years in the absence of the medical 
technology needed to validate it. Modern technology has 
enabled the concept of spontaneous spasm to be pro- 
posed as the cause of Prinzmetal's variant angina in 
patients with and without discrete coronary stenoses. 
This latter issue is beyond the scope of this editorial and 
is discussed elsewhere.? The present discussion deals 
with the concept of “ergonovine-induced spasm,” as 
first outlined by Stein? in 1949. 

The ergonovine provocative test for coronary arterial 
spasm in ischemic heart disease has been advocated as 
safe, specific and sensitive for spasm, although the need 
for caution and safety measures in the use of ergonovine 
has been stressed in every publication. Thus far, a single 
death, which occurred in 1949, has been reported.^ In 
this issue of the Journal, three additional deaths and one 
myocardial infarction induced by the ergonovine test 
are described in detail.9 These four cases have reopened 
the issue of the validity and risk/benefit ratio of the 
ergonovine test. 


Criteria for Evaluating the Provocative 
Ergonovine Test 


Safety: When a provocative test is used, several cri- 
teria should be kept in mind. First, the phenomenon to 
be induced by the provocative test should be as benign 
as possible. Spasm may not be a benign phenomenon. 
Spontaneous as well as ergonovine-induced spasm has 
been shown to involve one, two or, rarely, all three cor- 
onary arteries, leading to global cardiac ischemia.9-9 
During spasm, massive transmural myocardial perfu- 


From the Mount Sinai Medical Center, Miami Beach, Florida. Manuscript 
received December 5, 1979; revised manuscript received March 17, 
1980, accepted April 3, 1980. 

Address for reprints: Arieh Fester, MD, Mount Sinai Medical Center, 
4300 Alton Road, Miami Beach, Florida 33140. 


sion deficits have been detected with thallium perfusion 
studies.?!? Pulmonary edema and papillary muscle 
dysfunction have also been documented.!! Ventricular. 
ectopic complexes and ventricular tachycardia or fi- 
brillation, or both, have been observed.9:11-14 Complete 
atrioventricular block, hypotension, syncopal episodes, 
myocardial infarction and sudden death have been re- 
ported.6:5.11,15-21 

Reversibility: Second, a method of reversing the 
provoked phenomenon (coronary spasm) should be 
readily available. Nitroglycerin is a potent means of 
preventing or abolishing spontaneous spasm. However, 
on many occasions nitroglycerin has not been effective 
or has been extremely slow in controlling Prinzmetal's 
angina.7^917,20 Intracoronary injection of nitroglycerin 
may be effective in abolishing induced spasm and re- 
versing rapidly progressive deterioration of the patient’s 
hemodynamic state. However, it may be difficult or 
impossible to introduce the catheter with sufficient 
speed into the orifice of the spastic coronary artery 
under adverse conditions, such as simultaneous spasm 
of both coronary arteries or during cardiac massage. On 
many occasions, spasm has been shown to be resistant 
to phenoxybenzamine and atropine.14^?? Beta adrenergic 
blocking agents may either prevent or provoke 
Prinzmetal's angina.1?:1^19?! The calcium flux antag- 
onists, such as nifedipine, diltiazem and verapamil, have 
been shown to be effective in inhibiting attacks of 
Prinzmetal’s angina. Occasionally, however, they have 
not prevented myocardial infarction or sudden 
death.1?.1422-25 How fast they are in effectively abol- 
ishing acutely induced progressive spasm is not 
known. 

Concomitant drug administration: Third, con- 
comitant drug administration may confuse the study. 
Nitrates and beta adrenergic blocking agents may affect 
the test, but cessation of such drug therapy may be 
difficult.?927 Sedatives may attenuate spasm. However, 
anxiety increases circulating catecholamines, which 
exert their own effect on spasm. 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
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Specific dose-response relation: Fourth, a pro- 
vocative testing agent should produce a conclusive 
positive or negative response, either in specific quali- 
tative or quantitative terms. Qualitatively, ergonovine 
maleate is a member of the ergot alkaloids, an alpha 
agonist with nonselective direct smooth muscle vaso- 
constrictive activity. Thus, quantitative terms become 
important; that is, there should be a specific dose level 
and response, unique for a diseased artery that is prone 
to spontaneous symptomatic spasm. However, the er- 
gonovine dose-response curve is exponential.?9 A cur- 
vilinear relation exists for every artery, normal or dis- 
eased.?? Furthermore, different arteries may have dif- 
ferent exponential relations. The dose of ergonovine 
presented to the coronary artery, after being injected 
intravenously or into the aortic root, is not known with 
certainty; it varies from patient to patient and from one 
coronary artery to another in the same patient. This 
unknown dose may be located on the horizontal part of 
the exponential curve and therefore be nonspecifically 
negative, or on the vertical portion of the exponential 
curve, and be nonspecifically positive. Supporting evi- 
dence for this suggestion is found in the wide variation 
(from 0.05 to 0.7 mg) in the minimal ergonovine dose 
known to have triggered ischemic episodes.9.29.30 Thus, 
in vitro and in vivo animal studies are perhaps required 
to establish whether a unique dose-response curve exists 
for all normal coronary arteries, or whether there are 
frustrating overlaps or intercepts, or both, between 
families of curves for normal and vasospastic arteries. 
Perhaps then a well titrated ergonovine dose may be 
selectively injected in each coronary artery. 

High sensitivity and specificity: Fifth, a provoca- 
tive test should have high sensitivity and specificity for 
a given phenomenon—coronary spasm, for example. 
However, (1) specificity and sensitivity must be tested 
against an accepted “gold standard”; (2) to justify a test 
with potential risks, the gold standard should be of 
greater risk than the advocated new test. Patients with 
Prinzmetal's angina are identified and selected for po- 
tential “positive” ergonovine response by their pattern 
of pain at rest and fluctuating ST-T changes. Patients 
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with atypical pain and no electrocardiographic changes 
are considered for testing “true negative" ergonovine 
response.???! Tt therefore seems that (1) the carefully 
obtained history and the electrocardiographic moni- 
toring are the gold standard, and these are of far less 
potential harm than the ergonovine test; (2) statistically, 
the sensitivity and specificity of this gold standard, for 
clinical spasm, are higher than those of the ergonovine 
test; and (3) in reference to the prevalence of spasm in 
the population under study, the additive value of the 
ergonovine test is extremely limited.?! 

Diagnostic and therapeutic reliability: Sixth, a 
valid provocative test should provide a basis for decision 
making in relation to a specific diagnosis or therapy. 
Coronary bypass surgery is recommended for patients 
with discrete anatomic coronary stenoses who have 
angina at rest or on effort, or both, whether or not spasm 
exists.1?:1? Total cardiac denervation by surgical means 
and coronary bypass surgery have not been successful 
in the treatment of vasospastic but otherwise patent 
coronary arteries.9:?? Nitrates and the calcium flux an- 
tagonists exert their beneficial effect not only by dila- 
tion of coronary arteries, but also by their effect on 
preload, afterload, myocardial compliance and con- 
tractility. By virtue of their multiple effects they are 
equally beneficial to all groups of patients with ischemic 
heart disease (including patients with chest pain and 
esophageal spasm). Furthermore, the reliability of the 
ergonovine provocative test in predicting the clinical 
therapeutic efficacy of any specific drug is unclear at 
present.?? 


Conclusion 


I hope that other and potentially more benign tests 
for spasm will be available. Measurement of plasma 
thromboxane Bə by immunoassay is one preliminary 
but promising example.*4 I believe that the ergonovine 
test is still in the investigational stage. The ergonovine 
“low death rate" is of uncertain magnitude. The risk- 
benefit ratio seems to be unfavorable and thus renders 
the ergonovine test unacceptable for widespread clinical 
use at this time. 
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ADVANCES IN CLINICAL CARDIOLOGY, VOLUME 1 
‘Quantification of Myocardial Ischemia” 

53 chapters and discussions—645 pages of 

text—over 200 illustrations—softcover 


Please send me_________copyies) at $28 each (includes postage and handling). 


If you would like to see this first 
volume of the Clinical Cardiology 
International Symposia series made 


available in your medical library, 
C] Payment please bring this notice to the at- 
enclosed tention of your librarian. 


D Bill me 





The “Central Source" 


aa 
mae 
a SS — = Lxx MIT em SSS 
— << — \ f i | } | | ) i A4. 
| | m = 












RE: 





~, 
` 
— 
— 
-= 





a | < 1 5 j y 1 n WI JU ML s EE 
prse oU E y 
| $ EE S M 










Ay 


T TR 
Y 7) ud 


LL 
AR LAT em 
n. LL Ler 





Z ) 





? 


co. Sig UT 

ee » 

| | rA MEM ’/ 
BUE n 






X 
f 
A 


JON 








Hc Uo mes. 
A alea e 









i 
TIT ER. "eX al afaisfen emm 
saga UU p ENT a vatur 





v2 > 
V v2 


i) 
jl 
T W f a 
A , 


"The Bayer Company 
Glenbrook Laboratories, Division of Sterling Drug Inc., 
90 Park Avenue, New York, New York 10016 


GAP SHE SERS [Les 
"Qa c ED V MSRP HEP S] EE 


ul M 


T ->= -m Å—n an RÁ -———o— o 





TULTTT — cT € — — — wA mum E m m um me WR um m m m mE m m me mm um um a 


„another myth about 
aspirin 


Many people, some physicians included, believe that 
all aspirin is produced in one place by one manu- 
facturer...then distributed to other companies who 
simply press out tablets, bottle them, and sell them 
under their own labels. Not true, though. 


All aspirin doesn’t come from one source! 


There are different aspirin manufacturers in different 
locations—with different methods of production and 
differing amounts of quality control. Although some 
do sell to private brand distributors, the makers of 
Bayer® Aspirin never have and never will. 


Bayer Aspirin is manufactured using an exclusive 
process designed to assure the best aspirin in purity, 
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quality and dependability. This unique process em- 
ploys a more expensive "batch" technique to help 
provide greater stability and facilitate greater control. 
Even the final tableting process is specially designed 
to assure high quality and fast disintegration. In all, 
a finished package of Bayer Aspirin will have met 115 
different chemical tests and quality inspections. ..to 
uphold standards that are even more rigid than min- 
imum U.S.P. requirements. 


In short, all aspirin is definitely not alike. There is 
a difference in Bayer Aspirin. Take advantage of 
Bayer quality by recommending Bayer Aspirin for 
your patients— whenever aspirin is indicated. 








Dobutrex: 


Dobutamine HC 


For Short-lerm 
Inotropic Support in Patients with 
Low-Output Cardiac Failure 





Selectively Increases Dobutrex 
Myocardial Contractility 
with Consistent : 
Hemodynamic Improvements Dobutamine HCI 


For I.V. Injection 
250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 





Brief Summary 
Consult the package literature for prescrib- 
ing information. 


indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4, No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 


following adverse effects have been re- . 


ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 596 Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 mi prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/mi 
Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/ml* 500 mcg/mlt 1000 mcg/mit 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
11000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [0816781 


Additional information available to 
Litty the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206" 
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Medtronic leads the way 
to mans heart with new versatility 

for treating a broad 
spectrum of conditions. 


Spectrax* SX ...the remarkable new ultra- 
programmable pacemaker from Medtronic 
... allows creation and adaptation of a set of 
pacing parameters ideal for each individual 
patient, today and for years to come. It com- 
bines lithium longevity with unexcelled ad- 
justability in the smallest programmable 
available. 

The Spectrax-SX pacemaker lets you pre- 
scribe treatment parameters for each particu- 
lar patient at implant, then respond non- 
invasively with exceptional accuracy to 
changes in condition, anticipated or unantici- 
pated. Adjust rate, pulse width, sensitivity, 
refractory period, hysteresis, pulse amplitude 
and pacing mode. The Spectrax-SX system 
even gives you an exact readout on pacemaker 
performance. 

The Spectrax-SX pacemaker provides for 
precise management of a wide variety of pre- 
viously uncontrollable conditions. Its exten- 
sive versatility can make possible a more 
comfortable, normally active life for many 
patients. 











... broadening the spectrum of precise patient management 


LA Mectronic’ | 


... leading the way to man’s heart. 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic? Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
ten for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications —There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct ps for a complete list of warnings and precau- 
tions. 


Precautions —The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 

Side Effects —Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
pue labeling for a complete list of warnings and precau- 
ions. 
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(potassium chloride 
for oral solution) 


20 mEq (1.5 g. KCI) 


Prescribing Information 


DESCRIPTION: 
Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KCI) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 10 mg. sodium. 


INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 

CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomíort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under "Contraindications:; 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 1096 or 2596 containing 10 units of crystalline insulin 
per 20 g. dextrose, given |.V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cycle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6 gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with Y2 glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
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Trying to smother the taste of saltiness of potassium chloride. 1 
potassium with sweet fruit flavorings t provides the potassium salt of 
never seems to work very well. It’s choice—the chloride—as a 

like pouring salt straight into your powder that mixes quickly with ( DRS chloride 

orange juice—and just about as un- water, for the liquid dosage form [ 

drinkable for many patients. That's preferred for safety. Each | | | , 

when a matter of taste becomes easy-to-use packet contains or ord S0 ution) 20 mEq (1.5 g. KCI) 
ie problem of compliance. 20 mEq potassium Chloride, with Potassium with the tang of tomato. 


KATO® tassium chloride for less than 5 mg sgdium. m 
oral solutflif has the right kind of Offer your patis the tangy ‘S| SYNTEX 
taste, the fresh tomato tang that taste of KATO—the fruitless SYNTEX PUERTO RICO. INC 


HUMACAO. PUERTO RICO 00661 
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If you wouldn't think of changing 





your brand of digitalis, shouldn't you 
think twice before switching from 
LASIX furosemide to a substitute? 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
maas.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity." 

See warnings and precautions in the brief 
summary of product information on the 
next page. 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LAsIXx* brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients. ^^^ 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects." 


Therefore, once the patient is stabi- 
lized on digitalis and LASIx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success tn all degrees of congestive heart 
failure. 


LASIX® is the original brand of 
furosemide. It is LAsIX* that established 
the standard for furosemide performance. 
It is LAsIx* that is the subject of almost 
6,000 published papers. It is LAsrx® that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LASIx® that has a remarkable 
quality-control record—almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX® tablets are available in 
a dosage strength to meet almost every 
patient need—20, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 


PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 
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RB Specify LASIX* brand of furosemide. To be sure the 

x patient receives only LASIX*, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 


IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 





LUSIX*' (furosemide) 


supervisi 

have to be adjusted to the individual patients needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 
CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause feta! abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity. 
Exercise care in patients receiving “arrow gps 
steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing kalemia and metabolic alkalosis. Discon- 
tinue furosemide if increosing azotemia and cliguria occur dur- 
ing treatment of severe, ressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 

. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus anc reversible hearing impairment 
hove been reported. 
There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 
PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may X ads metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemic can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinyicholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cepholoridine. 


Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
~ to preclude effectiveness of the pressor agent for therapeu- 


use. 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
et alpen effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis, 
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CARDIOLOGIST WANTED 


A full time position is now available es assistant director of a 
comprehensive cardiac unit located in a hospital in the suburbs 
of Los Angeles. 

Duties will include performance of all invasive and non-invasive 
cardiac procedures including two dimensional echocardiography, 
pacemakers and cardiac catherization. Some clinical work will 
be involved in assisting the director in his day to day practice and 
providing some night time and weekend coverage. 

Excellent salary and fringe benefits including retirement plan, 
paid vacation and educational leave. Please send OV to: 
American Journal of Cardiology, Box 100, 666 Fifth Ave., New 
York, N.Y. 10103. 


HEAD OF THE 
DIVISION OF CARDIOLOGY 


Department of Medicine, University of Kentucky College 
of Medicine, Lexington, Kentucky. 


Applications are being sought for Head of the Division 
of Cardiology in the Department of Medicine. Letters of 
application should include a curriculum vitae and be sent 
to John G. Banwell, M.D., Chairman, Cardiology Search 
Committee, University of Kentucky College of Medicine, 
Lexington, Kentucky 40536. 
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LETTERS TO THE EDITOR 





DRUG INTERACTIONS AND ANTIPLATELET AGENTS 


In his excellent article Haft! stated “ . . . it is considered ap- 
propriate to add these antiplatelet drugs to routine coumarin 
anticoagulation." I would like to comment further. 

In vitro studies have shown that sulfinpyrazone will displace 
oral anticoagulant agents from their plasma-binding sites, and 
this drug was considered responsible for potentiation of 
warfarin activity in a patient.? This hazard of sulfinpyrazone 
was confirmed in another patient who died of hemorrhage and 
intractable heart failure.? Because sulfinpyrazone (a pyrazole) 
is closely related to phenylbutazone, salt retention as a side 
effect should also be borne in mind, for it may precipitate 
heart failure. 

These cases emphasize the need for careful monitoring of 
prothrombin time in patients taking sulfinpyrazone in com- 
bination with oral anticoagulant therapy. Previous reports 
indicate that dipyridamole does not increase Ivy bleeding 
time, but recently Cunningham et al.* reported a patient with 
increased Ivy bleeding time and significant bleeding while 
receiving dipyridamole; on discontinuation of the drug, 
hemorrhage stopped and bleeding time returned to normal. 
In view of this report it is suggested that bleeding time should 
be determined, particularly before any surgical procedure, and 
if bleeding time is elevated dipyridamole should be discon- 
tinued before the procedure. 

I hope that this communication will heighten the clinical 
awareness of these drug interactions; because I strongly be- 
lieve that the antiplatelet agents will be proved efficacious in 
the treatment of patients with coronary artery disease. 


Saeed Ahmad, MD, MRCP, FCCP 
Department of Medicine 
Fairmont General Hospital 
Fairmont, West Virginia 
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REPLY 


As pointed out by Ahmad, the addition of platelet-inhibiting 
drugs to antifibrin anticoagulation (warfarins or heparin) is 
fraught with hazard because (1) removal of the ability to form 
both a platelet aggregate and a fibrin clot with ease can dan- 
gerously compromise the bodies defense against hemorrhage, 
and (2) some of the drugs used to inhibit platelet function also 
affect the prothrombin time (aspirin and sulfinpyrazone, for 
example). In my review the use of both antiplatelet and an- 
tifibrin drugs simultaneously was not considered a modality 
for the management of coronary disease but rather was 
mentioned briefly in the context of patients with valve pros- 
_ theses who had been documented to have thrombotic events 
in the presence of “adequate” anticoagulation with warfarins. 
Although, conceptually, prophylaxis against arterial emboli 
from a prosthetic valve with antiplatelet drugs alone appears 
to be reasonable, to my knowledge there has not yet been re- 
ported a series of patients with artificial valves who have been 
given only antiplatelet agents for successful prevention of 


clotting. The one patient I have seen who was being managed 
by a cardiologist on our staff solely with platelet inhibitors 
(because she refused to take warfarin) presented with acute 
heart failure and shock approximately 9 months after the start 
of therapy and she was found to have a clotted mitral pros- 
thesis on postmortem examination. My comment was pri- 
marily to emphasize that in the reports of the success of an- 
tiplatelet drugs in preventing clotting events in patients with 
a prosthesis, the antiplatelet drug was added to coumarin 
anticoagulation and not substituted for warfarin type anti- 
coagulation. I have known of a number of patients in whom 
embolic episodes that occurred during treatment with war- 
farins alone were prevented by addition of antiplatelet drugs. 
One patient with a mitral prosthesis who had two cerebral 
emboli and a renal embolus while on an adequate warfarin 
regimen and heparin anticoagulation has been symptom-free 
for the past 2 years since the addition of dypyridamole to her 
regimen. In patients receiving such a combination of agents, 
meticulous monitoring of the prothrombin time and for evi- 
dence of bleeding is mandatory. 

The purpose of the article was to discuss concepts con- 
cerning platelet function in relation to coronary artery disease 
and it was thought to be beyond the scope of the article to 
more than just mention the use of antiplatelet drugs in other 
clinical situations. It is my hope that further data on the use 
of antiplatelet drugs in the management of large series of 
patients with prosthetic valves will appear in the near future 
so that more definitive recommendations concerning pros- 
theses can be made. 

With respect to surgery, we believe that these drugs should 
be discontinued before surgery, especially cardiovascular 
surgery, and that one should try to stop administration of 
aspirin 5 to 7 days and sulfinpyrazone or dypyridamole 2 to 
3 days before operation. We usually continue propanolol 
therapy up to surgery because of its possible benefits in rela- 
tion to ischemia during the initiation of anesthesia and the 
theoretical hazards of withdrawing the drug. In all of our pa- 
tients undergoing cardiac surgery, we have blood platelets 
available to be administered after weaning from the pump (10 
to 20 units). 


Jacob |. Haft, MD, FACC 
Saint Michael’s Medical Center 
Newark, New Jersey 


ANTICOAGULANT THERAPY IN 
MYOCARDIAL INFARCTION 


The use of anticoagulant therapy in acute myocardial in- 
farction has been a subject of controversy for more than 30 
years. Among the many controversial issues in cardiology, this 
one is characterized by the prevalence of arguments based on 
emotional commitment and speculation with a minimum of 
scientifically demonstrated facts. A recent rehash of old sta- 
tistics rekindled a new enthusiasm for this therapeutic ap- 
proach. Frishman and Ribner! came out in their review once 
more for routine use of anticoagulant agents, even when 


myocardial infarction is merely suspected. 


One of the major advances in clinical medicine in recent 
years was the popularization of the concept that every ther- 
apeutic intervention should be evaluated in terms of risk/ 
benefit ratio. The risk of conventional anticoagulant therapy 
(not minidose heparin injection) is relatively high. The benefit 
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is uncertain. The authors of the review admit that the only 
proved protective action of anticoagulant agents is the re- 
duction of the incidence of deep venous thrombosis and pul- 
monary embolization. I do not recall having seen in recent 
years fatal massive pulmonary embolism as a complication 
of acute myocardial infarction. Furthermore, I am impressed 
by the fact that in the extensive current literature dealing with 
prognosis of acute myocardial infarction pulmonary embolism 
is usually not mentioned. I am therefore proposing a hy- 
pothesis that the benefit of anticoagulant therapy is nonex- 
istent. I do have, however, an open mind, and am willing to 
abandon this hypothesis if Frishman and Ribner, or some 
other enthusiasts of anticoagulant therapy, were to come up 
with some hard data to support the claim that anticoagulant 
therapy might save 8,000 lives/year. No one seriously considers 
any more a randomized study. However, the population 
toward which prophylactic therapy is aimed could be defined. 
This requires an answer to the following question: How many 


documented cases of fatal pulmonary embolism occur annu- ` 


ally in patients not on anticoagulant regimen per 1,000 acute 
myocardial infarctions? To be meaningful, patients in car- 
diogenic shock, those with severe pump failure or with surgical 
complications of acute myocardial infarction would have to 
be excluded on the basis that embolism could merely me a 
terminal event; furthermore, in many institutions such pa- 
tients are selectively given anticoagulant agents. Anticoagu- 
lant therapy is at present not used routinely in a great many 
coronary care units. Hence, the data should not be too difficult 
to assemble by means of a questionnaire or a registry. 
Arthur Selzer, MD, FACC 
Division of Cardiology 
Presbyterian Hospital of 
Pacific Medical Center 
San Francisco, California 
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REPLY 


Our paper was not intended to “rekindle a new enthusiasm" 
for anticoagulation in myocardial infarction nor to attack it 
but rather to critically evaluate the current evidence for and 
against anticoagulation as an aid to the clinician in choosing 
between alternative courses of therapy. The decision is diffi- 
cult because withholding a potentially valuable therapeutic 
modality is not more justifiable than prescribing one which 
is dangerous. We fully agree that such a choice should be based 
upon the best available information. This necessarily involves 
statistical evidence gained from studies of substantial num- 
bers of subjects. To rely upon personal experience—including 
Selzer's—would be contrary to accepted scientific doctrine. 
This is particularly the case with thromboembolic phenomena, 
which may be extremely difficult to diagnose clinically and 
which may not be seen on a day to day basis by a single phy- 
sician. As observed by Chalmers et al.,! the benefits of anti- 
coagulation may not “be revealed by any but the largest of 
individual trials." | 
The overwhelming majority of properly designed large scale 
clinical studies support the value of anticoagulation in the 
hospital phase of acute myocardial infarction. Moreover, as 
discussed at length in our paper, such benefit extends to both 
peripheral and pulmonary embolism. As Selzer rightly points 
out, the major question centers on the risk of hemorrhage 
involved in realizing this benefit. Use of small dose (“mini- 
dese") heparin greatly reduces the incidence of deep venous 


thrombi and is associated with a virtually negligible likelihood 
of hemorrhage. However, it has yet to be shown directly that 
small dose heparin reduces the risk of pulmonary embolization 
after acute myocardial infarction. In addition, the role of small 
dose heparin in preventing peripheral emboli (which are 
suppressed by conventional doses) has not been evaluated. 
Accordingly, we suggest using conventional (large) doses of 
intravenous heparin in patients who have none of the com- 
monly accepted anatomic or physiologic contraindications to 
anticoagulation (malignancy, history of gastrointestinal 
bleeding, old age, severe hypertension). As noted in our paper, 
and recently emphasized by Wilson and Lampman;? the risk 
of spontaneous hemorrhage with properly monitored con- 
ventional heparin anticoagulation appears to be low, whether 
given by continuous infusion or in intermittent bolus doses. 
Where such contraindications do exist, we suggest the com- 
promise of small dose heparin because of its proved value in 
reducing venous thrombosis. 

As a review, our paper was of course restricted to data 
gleaned from published reports. Should new information 
become available, the issue of anticoagulation in myocardial 
infarction might require reevaluation. For the present, how- 
ever, we agree with Chalmers et al.” that “the risk-to-benefit 
ratio obviously favors anticoagulation." 

William H. Frishman, MD, FACC 
Hillel Ribner, MD 

Division of Cardiology 
Department of Medicine 
Hospital of the Albert Einstein 
College of Medicine 

Bronx, New York 
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CORONARY BYPASS SURGERY FOR 
ASYMPTOMATIC OR MILDLY SYMPTOMATIC 
CORONARY ARTERY DISEASE 


In their recent review Epstein and co-workers! suggest that 
coronary bypass surgery should be offered only to severely 
symptomatic patients or to those with stenosis of the left main 
coronary artery. They acknowledge that problems “inherent 
in...long-term prospective clinical trials . .. undermine the 
applicability of study results ... for other patient popula- 
tions," and they recognize that high nonadherence rates “pose 
formidable problems" in analysis of study data. However, they 
base their recommendations in large part on the apparently 
excellent prognosis enjoyed by patients with two or three 
vessel disease and normal left ventricular function who were 
managed medically in the Veterans Administration Collab- 
orative Study and in a prospective Natural History Study 
being conducted in the Cardiology Branch at the National 
Heart, Lung, and Blood Institute. Presumably, surgery could 
hardly improve this prognosis. 

More attention must be given the serious problem posed 
by crossovers (nonadherents to medical treatment). Such 
patients presumably seek operation because of dissatisfaction 
with the symptomatic relief provided by medical therapy, thus 
removing the highest risk patients from the medical group, 
and leaving it with low risk patients without progressive 
symptoms. When crossovers are permitted in randomized 
studies, the survival experience of those who remain under 
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medical treatment may be skewed. Since the problem of 
nonadherence is so prominent even in randomized trials, 
where there is persuasion to remain in the assigned therapy 
group, how much more common must it be in nonrandomized 
medical therapy groups, with patients free to seek alternative 
therapy? It is possible that one reason for the higher mortality 
rates in early reports of patients with coronary artery disease 
treated medically was the lack of a readily available surgical 
alternative before the 1970s, so that high risk patients were 
confined to medical therapy. 

Second, in the prospective study of the National Heart, 
Lung, and Blood Institute, stenoses of 50 percent or greater 
were considered significant. Although patients with, for ex- 
ample, 50 percent stenoses of both the right and circumflex 
coronary arteries would not be considered in precarious con- 
dition, they cannot be compared with patients with, for ex- 
ample, occlusions of one or both of those vessels, as well as 75 
percent stenosis of the left anterior descending coronary ar- 
tery. Such patients are commonly seen without disabling 
angina. Epstein and co-workers should consider using more 
stringent criteria for "significant" stenosis. They should also 
sübdivide their patients according to the precariousness of 
coronary anatomy, and they might tell us whether meaningful 
numbers of patients are actually being followed up in each 
subgroup (their report describes only percentages). 

Third, how would Epstein manage one of the innumerable 
patients who sustain an unheralded infarction without ante- 
cedent angina (thus demonstrating the unreliability of angina 
as a marker for coronary disease in that patient). What if the 
patient were found to have occlusion of the right coronary 
artery and a 90 percent stenosis of the left anterior descending 
artery? Surely, prospective studies of the natural history of 
such subgroups who have infarction without angina would be 
interesting, but can we now justifiably withhold from such 
patients an operation with a mortality rate of approximately 
1 to 2 percent, only because they lack disabling symptoms? 

Finally, Epstein's fiscal analysis suggests that the cost for 
a 4 year survivor with successfully operated on left main cor- 
onary artery disease would be $65,000. (Needless to say, the 
actual cost for surgery is much lower. 'T'he $65,000 figure is 
derived from "screening" angiography for left main disease.) 
I, too, do not support the concept of *screening" angiography, 
but my objection is based on the low yield. The implication 
that the cost is unacceptable is disturbing. The cost of 4 years 
of long-term hemodialysis treatment is equal to this figure, 
and the patient cannot function at nearly the functional level 
of one who has had successful coronary bypass surgery. Let 
us have no more of the bureaucrat's game in which we try to 
ration the care of patients with chronic diseases by financial 
priority. This country spends far more each year on tobacco 
than on coronary angiography and bypass surgery. 


Lawrence |. Bonchek, MD 
Department of Cardiothoracic Surgery 
The Medical College of Wisconsin 
Milwaukee, Wisconsin 
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REPLY 


Bonchek presents several interesting questions and assertions 
that merit careful consideration. First, he points out the ef- 
fects on natural history data that occur when patients with 
coronary artery disease assigned to a medical treatment group 
require operative relief of symptoms. Such changes in treat- 
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ment program might tend to improve the outlook for the 
medically managed group in a manner that is hard to quan- 
titate. Do such “crossovers” irreparably damage the value of 
comparative studies? We think not. Seen from a somewhat 
different perspective, crossovers actually enhance the value 
of study data for the practicing clinician. In managing patients 
with coronary artery disease the clinician is obliged to advise 
operative treatment when symptoms become severe (rather 
than confining patients rigidly within a medical treatment 
group). A study with crossovers permits comparison of the 
mortality experience of patients managed in this more con- 
servative manner with those uniformly managed with oper- 
ative intervention. The lack of enhanced survivorship of 
surgically treated groups relative to the more conservatively 
managed groups in randomized or nonrandomized studies (as 
discussed in detail in our paper) presents, in our opinion, a 
strong recommendation for the more conservative ap- 
proach. 

In his second comment Bonchek raises the possibility that 
certain subgroups of patients with no or mild symptoms— 
perhaps those with very high grade stenoses distributed in 
certain distinctive patterns—have a particularly poor prog- 
nosis for life that may be improved by operative intervention. 
Identification of high risk subgroups would clearly be an im- 
portant advance in the treatment of patients with coronary 
artery disease. T'o our knowledge, information identifying such 
subgroups of patients with no or mild symptoms, or with good 
left ventricular function, is not yet available. The Veterans 
Administration Collaborative Study did not analyze their 
patients in the way Bonchek suggested. Our natural history 
study, at present, contains too few subjects to permit division 
into statistically meaningful subgroups. In the absence of 
satisfactory factual information, groundless speculation about 
possible characteristics of high risk subgroups requiring op- 
erative intervention regardless of lack of symptoms is, in our 
opinion, unwarranted. We believe that the best approach 
combines a conservative outlook (in line with currently 
available results) with an open-minded receptiveness for fu- 
ture results that may define high risk subgroups. 

Bonchek asks how we can justifiably withhold operation 
from an arbitrarily chosen subgroup. Let us consider the facts. 
How can we justifiably recommend operation to an asymp- 
tomatic (or mildly symptomatic) person— with all of the at- 
tendant pain, inconvenience, expense and inevitable risk of 
morbidity or mortality—without factual assurance that such 
an operation is indeed likely to improve prognosis for life? It 
should be borne in mind that operative intervention does 
nothing to arrest progression of the underlying coronary artery 
disease. Many patients are now presenting for reoperation 
because of recurrent disabling symptoms due to progression 
of disease of 4 or 5 years after a first operation. Although de- 
finitive data are lacking, it is highly likely that a second op- 
eration will be associated with an appreciably greater mor- 
tality than a first operation. Hence, after prophylactic oper- 
ation, many patients will probably require a second operation 
for symptoms; their total operative risks might then be sub- 
stantially higher than the 1 or 2 percent they would have ex- 
perienced if, at the onset of disabling symptoms, they were 
undergoing a first rather than a second operation. 

Lastly, Bonchek expresses impatience and indignation with 
calculations relating to cost. We cannot condone this attitude. 
If all patients with mildly symptomatic coronary artery dis- 
ease (estimated at more than 3 million in the United States) 
underwent screening, catheterization and then operation for 
left main coronary artery disease, more than $2 billion would 
be required in excess of costs incurred by catheterizing and 
operating on patients with severe symptoms. We do not have 
answers to the financial dilemmas arising from growing de- 
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mands for medical and surgical services (certainly we do not 
advocate any form of *rationing"!). Nevertheless, as physi- 
cians and responsible citizens, all of us must give adequate 
attention to the economic impact (and, indeed, the economic 
feasibility) of health care recommendations that will sub- 
stantially affect so many of our fellow citizens. 
Stephen E. Epstein, MD, FACC 
Kenneth M. Kent, MD, FACC 
Robert E. Goldstein, MD, FACC 
Jeffrey S. Borer, MD, FACC 
Douglas R. Rosing, MD, FACC 
National Institutes of Health 
Bethesda, Maryland 


PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY—I 


The letter (position paper) on balloon coronary angioplasty! 
includes a description of the technique with its history and 
appropriate caveats about its complications. Yet, it is shocking 
that this piece, by outstanding investigators and in cardiolo- 
gy’s principal publication, does not include the slightest ref- 
erence to appropriately designed, controlled clinical trials. The 
case for such trials with random allocation of qualifying pa- 
tients has already been made.? It need not be repeated. Yet, 
otherwise reasonable, highly skilled physicians seem to exhibit 
schizoid behavior in maintaining a double standard for as- 
sessing mechanical procedures versus medical treatment (or 
no treatment).? The double standard must become unac- 
ceptable, lest we get into the long wrangles that have marked 
the history of other mechanical procedures, such as surgery 
for coronary artery disease, peptic ulcers, breast cancer, and 
others. Let us keep this genie in its bottle until it earns the 
right to emerge. 

David H. Spodick, MD, DSc, FACC 

Department of Medicine 

University of Massachusetts 

Medical School and 

Division of Cardiology 

St. Vincent Hospital 

Worcester, Massachusetts 
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PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY—II 


In stating their position on percutaneous transluminal coro- 
nary angioplasty (PTCA), the leaders of the National Heart, 
Lung, and Blood Institute make it very clear that the proce- 
dure is a research technique.! The designation of research 
occurs four times in a relatively short statement. The Institute 
remains silent, however, on insisting or even suggesting that 
potential users of the technique follow research protocols. 
They do suggest that such research “be conducted in a ratio- 
nal, scientific manner," but rational and scientific are var- 
iously interpreted by the medical community. 


It is commonly accepted and required that research pro- 
posals be submitted to the appropriate human research 
committee of the hospital sponsoring the research. The In- 
stitute should recommend that this be done for percutaneous 
transluminal coronary angioplasty in accordance with 
guidelines of the Department of Health, Education, and 
Welfare. It should also be a firm recommendation that this 
new procedure be evaluated by well controlled studies, also 
in accord with such guidelines. Furthermore, until this pro- 
cedure is validated as safe and efficacious, there should be no 
third party reimbursement that would stimulate an uncon- 
trolled use of the procedure. 

Percutaneous transluminal coronary angioplasty may well 
evolve to be of enormous benefit, and proper investigation of 
the technique should have maximal support of the National 
Heart, Lung, and Blood Institute. It is critical, however, that 
we take steps to safeguard the rights and welfare of patients 
through adherence to the accepted rules of research, without 
being forced to do so by government regulation. The Institute, 
as representative of the government and the public, has a re- 
sponsibility to ensure that this research be handled prop- 
erly. 

Thomas A. Preston, MD, FACC 
U.S. Public Health Service Hospital 
Seattle, Washington 
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We are in agreement that percutaneous transluminal coronary 
angioplasty (P'TCA) requires an adequate scientific evalua- 
tion. In our position paper we call for more scientific evalua- 
tion before this procedure is adopted as a standard clinical 
tool. When we called for additional scientific evaluation we 
were calling for the consideration of a broad spectrum of re- 
search activities from animal studies through the use of con- 
trolled clinical trials. As noted in the paper, we have scheduled 
a workshop on PTCA to be held in Bethesda in June 1979. The 
possibility of an appropriately designed clinical trial will be 
among the topics discussed at that time. 

Robert |. Levy, MD, FACC 

Michael B. Mock, MD, FACC 

National Heart, Lung, and Blood Institute 

National Institutes of Health 

Bethesda, Maryland 


CORONARY ARTERIAL VASOSPASM 


Maron and associates! state: “Although it is possible that 
vasospasm of either the extramural or abnormal intramural 
coronary arteries was responsible for myocardial infarction 
in our patients with hypertrophic cardiomyopathy and ‘nor- 
mal' extramural coronary arteries, we cannot be definite about 
such a mechanism." 

Recently we? reported on three patients with hypertrophic 
obstructive cardiomyopathy and coronary vasospasm. The 
two with angiographically normal coronary arteries had epi- 
sodic angina at rest, reversible S-T segment elevation and 
demonstrable spasm of the right coronary artery. The concept 
of vasospasm is particularly attractive in patients with hy- 
pertrophic obstructive cardiomyopathy because it has been 
suggested that these patients have an abnormal myocardial 
response to normal levels of circulating catecholamines.? The 
latter hypothesis in conjunction with recent observations 
concerning alpha adrenergic mediation of coronary vasospasm 
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in select cases of Prinzmetal's angina suggests that spasm may 
be responsible for angina, myocardial infarction, and even 
sudden death in some patients with hypertrophic obstructive 
cardiomyopathy.^ 

The evolution of the role of spasm in hypertrophic ob- 
structive cardiomyopathy is in parallel with its recent devel- 
opment as a pathogenetic mechanism causing chest pain, 
acute myocardial infarction and possibly sudden death in 
select patients with the mitral valve prolapse syndrome. 
Chesler et al.5 reported on four patients with the billowing 
mitral leaflet syndrome and acute myocardial infarction who 
were subsequently found to have angiographically normal 
coronary arteries. These authors postulated coronary arterial 
spasm as the cause. This concept received further support 
from Buda et al.,9 who found 9 of 10 patients with coronary 
spasm to have angiographic mitral valve prolapse, although 
in 8 the spasm occurred at the catheter tip. However, we’ re- 
cently encountered four patients with the prolapse-click 
syndrome who have evidence of spontaneous or ergonovine- 
induced coronary spasm. Recently, it has been well docu- 
mented? that attacks of variant angina can result in acute 
myocardial infarction, even in the absence of atherosclerosis. 
Furthermore, pain appears to be an insensitive measure of the 
occurrence of coronary spasm as demonstrated by ambulatory 
monitoring of three patients with variant angina.? Of 1,045 
spontaneous episodes of S-T segment elevation 89 percent 
were totally asymptomatic. 

Coronary arterial vasospasm appears to be a significant 
clinical entity. Its best method of identification and exact 
contribution to various forms of cardiac disease still remains 
to be defined. 


Richard K. Mautner, MD, FACC 
John H. Phillips, MD, FACC 
Department of Cardiology 
Tulane University 

New Orleans, Louisiana 
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RIGHT VENTRICULAR INFARCTION 


There has been renewed interest in right ventricular infarc- 
tion.!? It is clear that a major difficulty lies in the antemortem 
diagnosis. We wish to report a simple and readily available 
method that may aid such diagnosis. In six patients with in- 
ferior wall myocardial infarction, the appearance of A-V block 
required the insertion of a temporary pacemaker. Before the 
electrode was connected to the pulse generator, an intracav- 
itary recording was made by connecting the distal pole of the 
pacemaker electrode to the chest lead electrode of the elec- 
trocardiographic recorder. In three patients the intracavitary 
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FIGURE 1. Right ventricular intracavitary recording. 


electrocardiogram showed a definite pattern of injury (S-T 
segment elevations representing a current of injury with the 
electrode in endocardial contact; Fig. 1). In all three patients 
a pattern of right ventricular involvement was evident on 
technetium-99m stannous pyrophosphate scanning. Only two 
of these patients presented with the hemodynamic signs that 
would usually arouse the suspicion of right ventricular in- 
volvement. Moreover, surface electrode recordings over the 
right precordium revealed no abnormality. An intracavitary 
electrocardiogram was also recorded in five patients with the 
sick sinus syndrome who had a temporary pacemaker inserted. 
The results were a normal intracavitary pattern with an iso- 
electric S-T segment. 

Of particular interest is a case of a patient with an extensive 
anterior myocardial infarction and a right bundle branch 
block. Intracavitary recordings, made at various sites during 
pacemaker electrode insertion under fluoroscopic control, 
showed septal and right ventricular involvement. Techne- 
tium-99m stannous pyrophosphate scans suggested only an- 
terior myocardial infarction without hinting at the true extent 
of the damage. Facilities for nuclear scanning are not always 
at hand, whereas pacemakers are readily available. It may be 
useful to perform right ventricular recordings as a routine 
procedure in all cases in which a pacemaker is indicated. This 
procedure may unmask right ventricular extension of in- 
farction even in cases in which it may not be hemodynamically 
obvious nor indicated on technetium-99m pyrophosphate 
scans. 

A. Marmor, MD 

G. Alpan 

A. Palant, MD 
Department of Cardiology 
Carmel Hospital 

Haifa, Israel 
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POSOLOGY OF INTRAVENOUS LIDOCAINE 
(LIGNOCAINE) FOR VENTRICULAR ARRHYTHMIAS 


During the treatment of ventricular arrhythmias, doses of 
lidocaine (lignocaine) need to be administered so as to achieve 
rapidly and to maintain therapeutic blood concentrations. 
Although some investigators believe that lidocaine therapy 
is ineffective during the initial hours after myocardial in- 
farction, others!? suggest that these experiences result from 
using lidocaine doses too small or poorly timed. This letter will 
describe a simple pharmacokinetic relation between lidocaine 
doses and time. This relation has successfully described drugs 
used during anesthesia? * and may facilitate the clinical use 
of intravenous lidocaine. 

Figure 1 shows the published clinical data from two 
groups?? of adult patients who received intravenous lidocaine 
for ventricular arrhythmias after myocardial infarctions. The 
ordinate describes the cumulative doses of lidocaine in mil- 
ligrams and the abscissa describes the elapsed time in square 
root minutes. The elapsed time in minutes appears above the 
abscissa. The least squares best fit line is drawn through these 
data. The equation for this line and its correlation coefficient 
also appear in this figure. 

The data from Wyman et al.,? demonstrate the use of four 
bolus doses of lidocaine for rapidly achieving and maintaining 
therapeutic plasma concentrations. A total of 225 mg of lid- 
ocaine is administered over 15 minutes: 75 mg initially, then 
50 mg at 5, 10 and 15 minutes. The cumulative doses of lido- 
caine from the study of Wyman et al. are plotted (open circles, 
Fig. 1) at the times of the four bolus doses. In 23 patients, 
Wyman et al. measured plasma lidocaine concentrations every 
2 minutes for 20 minutes. The mean concentrations were from 
1 to 2 ug/ml (4.3 to 9.6 umoi/liter). 

The data from Aps et al.® describe the bolus and infusion 
doses of lidocaine needed for 8 hours of therapy. They ad- 
ministered (to their group A) an initial 75 to 100 mg bolus dose 
of lidocaine followed by decreasing rates of lidocaine infusions: 
4 mg/min for 30 minutes, 2 mg/min for 120 minutes and 1 
mg/min thereafter. They obtained venous blood samples at 
30, 60, 180, 240, 360 and 480 minutes. The mean plasma lid- 
ocaine concentrations in these 12 patients were from 8 to 12 
umol/liter. The cumulative doses of lidocaine are plotted 
(closed circles, Fig. 1) at the 8 times of blood sampling. 

The equation for the best fit line appears to describe sat- 
isfactorily (r = 0.99) these cumulative lidocaine doses as a 
continuous function of elapsed time. The instantaneous 
infusion rates in milligrams per minute for times greater than 
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- FIGURE 1. Cumulative doses of intravenous lidocaine from two studies. 


TABLE | 
Instantaneous 
Elapsed Lidocaine Cumulative Interval 
Time Infusions Doses Doses 
(min) (mg/min) (mg) (mg) 
: 54 
0 bu: 54 6 | 
4 8.0 118 64 
16 4.0 182 64 
36 2.7 246 64 
64 2.0 310 64 
100 1.6 374 64 
144 1.4 438 64 
196 1.2 502 64 
256 1.0 566 64 
324 0.9 630 64 
400 0.8 694 64 
484 0.7 758 
* Loading dose. 


1 minute are obtained by numerical differentiation of this 
equation. These instantaneous infusion rates decrease from 
8 mg/min at 4 minutes to 0.7 mg/min at 8 hours (Table I). 
Interval (or bolus) doses of lidocaine can be computed for 
selected intervals. The cumulative dose of lidocaine at 4 
minutes is 118 mg. This dose is the sum of a 54 mg loading dose 
at time 0 and a 64 mg dose given during the interval between 
0 and 4 minutes. Additional 64 mg doses would be given during 
the subsequent intervals shown in the table. 

Eventually, a steady state will be reached between the 
plasma and tissue concentrations and further lidocaine 
infusions would be constant (zero order) and determined by 
hepato-renal clearances. The study cf Aps et al. included 19 
patients for whom the 1 mg/min lidocaine infusions were 
continued beyond 8 hours for as long as 48 hours (mean 25 
hours). The authors report that during these longer intervals, 
the plasma concentrations rose by an average of 2.9 umol/liter 
and *there was a positive correlation between this rise and the 
duration of the infusion." Interestingly, the doses adminis- 
tered during these longer intervals were greater than those 
predicted from extrapolating the analysis of the first 8 hours 
shown in Figure 1. 

The doses of lidocaine reported herein might be satisfactory 
only for patient populations with pharmacokinetic and 
pharmacodynamic variables similar to those studied by 


Wyman et al. and Aps et al. Nevertheless, this method for 


describing the cumulative and interval doses may be valid for 
other patient populations as observed for morbidly obese and 
nonobese surgical patients receiving pancuronium bromide.? 
Indeed, a principal advantage of this description of the 
posology of lidocaine is its potential for simplifying the doses 
of lidocaine required for treating ventricular arrhythmias in 
the young, the elderly and patients w:th low or high cardiac 
output. 

Alfred Feingold, MD 

Department of Biomedical Engineering 

University of Miami 

and 

Cedars of Lebanon Health Care Center 

Miami, Florida 
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Feingold has arbitrarily chosen to combine our bolus loading 
dosage technique (225 mg of lidocaine hydrochloride, given 
over 16 minutes) by which we treat resistant ventricular ar- 
rhythmias, with a portion of the data from the work of Aps et 
al. He has constructed an empirical relation between the 
square root of time for initiation of treatment and the desir- 
able lidocaine cumulative dose. “Desirable” is defined by the 
fact that we and Aps et al. have had good clinical success. The 
desired cumulative dose (DSD) is presented as: DSD = 32 tV 
t 54. The only justification presented for the use of this 
equation is that it simultaneously reconciles our dosage rec- 
ommendatiens with those of Aps et al., if only the first 480 
minutes of the latter regimen is evaluated. 

Our article dealt with a particular subset of patients with 
an acute myocardial infarction. Our recommendation to give 
225 mg of lidocaine as divided bolus doses in 16 minutes was 
made for the patient who does not respond to the initial bolus 
dose and continuous infusion. We have emphasized previ- 
ously! that the least amount of drug necessary be used to treat 
the ectopic ventricular beat and prevent ventricular fibrilla- 
tion. The multiple bolus continuous infusion technique has 
provided a method of achieving that goal. The guidelines 
outlined in our paper were not to be used routinely but, rather, 
to be reserved for the patient with resistant ventricular ectopic 
beats in the first hours after an infarction. It allows the phy- 
sician to then make a rational decision to change to a different 
drug. 

The need to give 225 mg of lidocaine in 16 minutes pertains 
to less than 10 percent of our total cases. In this context, it 
should be pointed out that in our last 500 consecutive acute 
myocardial infarctions, 57 percent have required only the 
loading bolus dose (125 mg in divided doses) and a 2 mg/min 
infusion. Therefore, the majority of patients required a total 
dose of 365 mg of lidocaine in 2 hours. This was given without 
a change in the infusion rate. If we were to use Feingold's 
method, four changes in the infusion rate would have been 
made in the first 100 minutes, and 10 changes in 484 minutes. 
This is neither practical nor safe in a busy coronary care 
unit. 

We believe, therefore, that it is incorrect to pool our ag- 
gressive treatment protocol data with that of a random pop- 
ulation from the study of Aps et al. and to express pleasure 
over the goodness of the fit. Although there are many dosing 
schedules for giving lidocaine to the patient with an acute 
myocardial infarction, the multiple bolus continuous infusion 
technique has proved to be both safe and effective. 

Milford G. Wyman, MD, FACC 
David S. Cannom, MD, FACC 
Bruce N. Goldreyer, MD, FACC 
San Pedro and Peninsula Hospital 
San Pedro, California 


David Lalka, PhD 

Department of Pharmaceutics 
University of New York 

at Buffalo 

Buffalo, New York 
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DISOPYRAMIDE-INDUCED VENTRICULAR ARRHYTHMIA 


Nicholson et al.! state that “ ‘Quinidine syncope’ (ventricular 
tachyarrhythmia) and marked Q-T prolongation have not 
previously been reported with usual dosages of disopyramide." 
We draw attention to our report in 1978 in which we described 
three patients who presented with syncope while receiving 
"usual" dosages of disopyramide. Ventricular tachycardia- 
flutter or fibrillation, or both, were documented in each pa- 
tient. The Q-T interval, which was markedly prolonged at the 
time of admission, reverted to normal after discontinuance 
of disopyramide. Recurrence of the arrhythmias has not been 
observed in any of these patients in a 10 month follow-up 
period. 

R. W. Dhurandhar, MD, FACC 

Division of Cardiology 

Department of Medicine 

Touro Infirmary and 

Tulane University School of Medicine 

New Orleans, Louisiana 

Alan M. Goldman, MD, FACC 

Tulane University School of Medicine 

New Orleans, Louisiana 
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The three cases of Dhurandhur et al. published in Septem- 
ber-October 1978 certainly seem to be analogous to the three 
in our paper, which was submitted for publication to this 
Journal on November 13, 1978. I think these additional cases 
underscore the importance of recognition of the phenomenon 
of Q-T prolongation with associated ventricular tachyar- 
rhythmia in patients receiving the usual dose of disopyramide. 
We clearly agree that prolonged Q-T interval with this 
tachyarrhythmia is a potentially dangerous phenomenon that 
needs to be looked for in patients taking just the usual dose 
of disopyramide. 

W. Jay Nicholson, MD, FACC 

C. Edwin Martin, MD, FACC 

Jack G. Gracey, MD 

H. Roebling Knoch, MD 

Division of Cardiology 

Department of Medicine 

York Hosptial 

York, Pennsylvania 


VERAPAMIL AND MYOCARDIAL INFARCT SIZE 


Fazzini et al.! state that verapamil is effective in abolishing 
persistent frequent ventricular premature complexes after 
acute myocardial infarction and suggest that the drug might 
offer a promising approach to the problem of prevention of 
sudden death. We? have measured the size of experimental 
myocardial infarcts after ligation of the anterior descending 
artery in rhesus monkeys using the Nitro blue tetrazolium 
staining technique and have investigated the effect of pre- 
treating monkeys with oral verapamil, 4 mg/kg, 10 days before 
coronary ligation. The size of the infarct, measured at autopsy 
5 days later was significantly smaller in the pretreated group 
(p <0.01) than in the control group. The verapamil-pretreated 
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group also had fewer ventricular premature complexes after 
coronary ligation. 

In the clinical situation these results seem to us to be ap- 
plicable in patients with unstable angina, those who are likely 
to have a myocardial infarction. The drug may decrease the 
eventual size of the infarct and reduce the ischemia-induced 
ventricular ectopic complexes and hence help in preventing 
sudden death and the morbidity associated with large in- 
farcts. 


P. L. Wahi, MD 

I. S. Anand, MD 

R. N. Chakravarti, MD 

P. L. Sharma, MD 

Departments of Cardiology, 

Experimental Medicine and Pharmacology 
Postgraduate Institute of Medical 
Education and Research 

Chandigarh, India 
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The data of Wahi et al. and of other authors'? prove that 
verapamil through either hemodynamic or metabolic factors 
reduces the size of ischemic injury. This fact is of primary 
importance. However, it does not prove that the reduction of 
the ischemic injury is responsible for the antiarrhythmic ac- 
tion of the drug. This action could also be consequent to a 
primary electrophysiologic effect. 

Arrhythmias in myocardial infarction may be caused by 
slow conduction with reentry and by abnormal automatic 
activity.? Electrophysiologic recordings from experimentally 
infarcted tissues have shown bioelectrical changes potentially 
responsible for these mechanisms, namely, action potentials 
with a slowed depolarization rate and rhythmic automatic 
depolarizations, both arising from low transmembrane resting 
potential.4 In vitro verapamil suppresses slow responses and 
oscillatory potentials of partially depolarized cardiac fibers.® 
Therefore it is possible that the antiarrhythmic action of 
verapamil in ventricular premature arrhythmias in acute 
myocardial infarction is at least in part a primary one, not 
necessarily mediated by a reduction of ischemic injury. 
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APEXCARDIOGRAPHIC INDEX IN 
ISCHEMIC HEART DISEASE 


Silvestre et al.! describe a new apexcardiographic index for 
identifying subjects with ischemic heart disease, a slow filling 
period/rapid filling period ratio greater than 2.80. They con- 
sider that the increased ratio in ischemic heart disease is 
probably due to a diminished ventricular compliance secon- 
dary to myocardial ischemia. Therefore, they state that the 
influence of other cardiovascular diseases on this ratio is un- 
known and warrants further investigation. 

We have examined this ratio in other noncoronary cardiac 
diseases also known to reduce ventricular compliance: arterial 
hypertension, aortic stenosis and hypertrophic cardiomyop- 
athy. Considering our patients and those described by Sil- 
vestre et al., we have analyzed this ratio in 82 patients grouped ` 
as follows: Group I, the 17 normal control subjects in the study 
of Silvestre et al.!; Group I1,9 patients (7 males and 2 female) 
with renal arterial hypertension; Group III, 15 patients (9 
male and 6 female) with aortic stenosis; Group IV, the 34 
patients with ischemic heart disease presented by Silvestre 
et al.; Group V, 7 patients (2 male and 5 female) with hyper- 
trophic cardiomyopathy. The results were statistically ana- 
lyzed using Student's t test and are shown in Figure 1. 

According to our analysis a slow filling period/rapid filling 
period ratio greater than 2.8 can also be encountered in pa- 
tients with aortic stenosis and hypertrophic cardiomyopathy, 
probably also as a result of impaired ventricular compliance. 
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FIGURE 1. Slow filling period/rapid filling period (SFW/RFW) ratio in five patient groups. 
N = number of subjects; NS = not significant; p = probability. 
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Therefore this apexcardiographic index is sensitive for isch- 
emic heart disease but not specific for it. 
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The preliminary data provided by Vidal and Saez de la Cal- 
zada indicate that the slow filling period/rapid filling period 
ratio does indeed increase in association with other disease 
states known to impair left ventricular compliance. This in- 
formation is important and complements our investigation. 
However, the value of this ratio does provide clinically useful 
information in those subjects with chest pain syndromes who 
do not manifest acknowledged signs of valve or subvalve ste- 
nosis. In such patients a ratio greater than 2.8 suggests isch- 
emic heart disease. We thank these investigators for their 
constructive comments. 


Kenneth B. Desser, MD, FACC 
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ASYNCHRONOUS VENTRICULAR RELAXATION 


The article by Alam et al. presents a good analysis of left 
ventricular wall motion during the isovolumic relaxation pe- 
riod, but I disagree with their conclusions. In our article,? we 
described the segmental early relaxation phenomenon as a 
normal motion during the isovolumic relaxation period. This 
was supported by its frequent presence in normally con- 
tracting left ventricles and by its infrequent occurrence in 
abnormally contracting areas. As we reported, the phenom- 
enon disappeared as left ventricular function deteriorated. 

The segmental early relaxation phenomenon is seen in the 
left ventricle of patients with prolapse of the mitral valve, 
rheumatic heart disease, congenital heart disease and normal 
ventricles. The frequency and location is the same in all groups 
and, with deterioration of left ventricular function, the phe- 
nomenon disappears, as seen in patients with obstructive 
coronary disease. 

I believe that the segmental early relaxation phenomenon 
isa normal pattern of left ventricular wall motion during the 


isovolumic relaxation period. It is seen in all segments of the’ 


left ventricle, and the motion disappears during moderate to 
severe left ventricular dysfunction. 
Pablo |. Altieri, MD 
Cardiovascular Laboratory 
University of Puerto Rico 
Medical Sciences Campus 
Rio Piedras, Puerto Rico 
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Our observations do not support Altieri's assertion that 
asynchronous relaxation is normal, at least from a temporal 
standpoint. It is delayed, and particularly so in subjects with 
both asynchronous relaxation and coronary disease. Nor does 
the absence of asynchronous ventricular relaxation in ab- 
normally contracting segments argue for normalcy. We 
suggest that delayed relaxation is an early and subtle abnor- 
mality that may not be present late in disease states, when 
contraction abnormalities appear. This hypothesis is sup- 
ported by Altieri's observation that asynchronous ventricular 
relaxation disappears as left ventricular function deterio- 
rates. 

Asynchronous ventricular relaxation is still not well un- 
derstood and its occasional appearance in a wide variety of 
disorders such as mitral valve prolapse and at the site of in- 
tracavitary pacemakers, as well as in occasional “normal”’ 
hearts should not overshadow the fact that it occurs in po- 
tentially ischemic hearts in the vast majority of instances. 
Even the “normal” patients are catheterized because of 
symptoms, usually suggestive of ischemic heart disease. 
Noninvasive studies such as systolic time intervals and 
echocardiography have documented the synchronous relax- 
ation of the normal left ventricle and the duration of the active 
phase of relaxation. The time intervals for the normal isovo- 
lumic relaxation period obtained in our study by invasive 
techniques are well within these established norms.'? Asyn- 
chronous ventricular relaxation is an abnormal phenomenon, 
manifested by a prolongation of the isovolumic period as well 
as asynchrony of relaxation. 
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HEART SOUNDS INDUCED BY 
SWAN-GANZ CATHETER—I 


Isner et al.! described what they believed to be the first doc- 
umentation of a nonejection click produced by a Swan-Ganz 
catheter and explained that the click arose from the slapping 
of the catheter against the right ventricular septum during 
systole. They failed to note the publication of our paper? in 
which we documented phonocardiographically the production 
of mid systolic and early diastolic clicks due to a Swan-Ganz 
catheter inserted in a patient with cardiogenic shock. From 
fluoroscopic observation, we postulated that the clicks were 
produced by a snapping to-and-fro motion of the catheter 
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against the right ventricular outflow tract or the proximal 
portion of the pulmonary artery. During inflation of the 
catheter's balloon, the catheter stabilized itself in a distal 
“wedge” position and the clicks disappeared. With balloon 
deflation, the catheter was released and resumed the to- 
and-fro motion as the clicks reappeared. The motion of the 
catheter in the body of the right ventricle did not appear to 
us to be of sufficient magnitude to create the clicks. Is it pos- 
sible that in the case described by Isner et al. the echocar- 
diographic beam moved along a length of catheter rather than 
visualizing a single point, thus giving the false impression of 
a wide excursion? The temporal coincidence of echocardio- 
graphic and auscultatory findings does not necessarily con- 
stitute a cause and effect relation. 
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HEART SOUNDS INDUCED BY 
SWAN-GANZ CATHETER —II 


Isner et al. attributed the systolic sound produced by a 
Swan-Ganz catheter to “crisp slapping of the catheter against 
the ventricular septum." The authors should also consider a 
: valvular origin of the sound. A sound can be produced when 
the catheter is pulled back across a closed valve. This occurs 

most commonly when the catheter tip is in the pulmonary 
artery and is pulled back across the closed and taut valve in 
early diastole. A systolic sound was also reported in 1959! 
when a catheter was in the pulmonary artery in a patient with 
severe valvular pulmonary stenosis. Isner et al. did not record 
simultaneous pressure tracings to determine if the catheter 
tip was in the pulmonary artery throughout the cardiac cycle, 
nor did they comment on the position of the balloon in systole 
and diastole. A catheter floating in blood striking the ven- 
tricular septum seems an unlikely explanation of the sound. 
A valvular origin seems more likely. 

Herbert N. Hultgren, MD, FACC 

Cardiology Service 

Veterans Administration Hospital 
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The observations of LaSala and Fieldman and Holtgren in- 
dicate that there may be separate mechanisms for catheter- 
induced systolic versus catheter-induced diastolic clicks. The 
demonstration by Eldridge and Hultgren that rapid catheter 
movement across a closed pulmonary valve could produce high 
frequency sounds certainly suggests that this was the basis for 
the diastolic sounds that LaSala and Fieldman noted in their 
patient. The fact that LaSala and Fieldman were able to 


eliminate the diastolic click in their patient by fixing the 
balloon catheter in the “wedge” position (eliminating the 
to-and-fro catheter motion) further supports the contention 
that the diastolic sound was of valvular origin. 

Eldridge and Hultgren noted a diastolic click in 18 of the 
57 patients they studied. In contrast, they recorded a systolic 
click in only 1 of the same 57 patients. This patient had pul- 
monary stenosis and no diastolic click. The authors postulated 
that the diastolic click was absent from this patient either 
because the stenotic pulmonary valve was rendered too im- 
mobile to vibrate in response to rapid catheter motion across 
the valve, or because the stenotic valve slowed the to-and-fro 
catheter motion to the point where it was not rapid enough 
to set the valve leaflets vibrating. If the valve leaflets were 
incapable of producing diastolic vibrations it is difficult to 
understand how they could have been the source of systolic 
vibrations. In fact, the basis for the systolic sound in the pa- 
tient of Eldridge and Hultgren was never clarified. 

LaSala and Fieldman also appear to not favor a valvular 
origin for the systolic sound in their patient. They suggested 
instead that during maximal catheter movement (that is, with 
the balloon deflated and the catheter free in the pulmonary 
artery), contact between the catheter and an intracardiac 
structure (“. . . either the proximal portion of the pulmonary 
artery or the right ventricular outflow tract . . .") generated 
the (systolic) click. 

Although we observed our patient under fluoroscopy only 
at the time the balloon-flotation catheter was initially in- 
serted, we noted no excessive to-and-fro catheter movement 
across the pulmonary valve; specifically, the catheter tip ap- 
peared to remain within the right main pulmonary artery 
throughout systole and diastole. Interestingly, our patient had 
no diastolic click. Although, we did not obtain a written record, 
constant bedside monitoring of the pressure recorded from 
the catheter tip in our patient indicated that at no time (in- 
cluding the period during which simultaneous phonoecho- 
cardiograms were recorded) did the catheter pass retrograde 
into the right ventricle. Even during that time when the click 
was not audible, pressure monitoring indicated that the 
catheter tip was free in the pulmonary artery. At this time, 
however, the echocardiogram disclosed diminished catheter 
excursion; when the catheter was repositioned (with pressure 
recordings continuing to indicate pulmonary arterial location 
of catheter tip), the click reappeared simultaneously with 
increased catheter excursion. We do not believe the echocar- 
diographic depiction of the catheter excursion was arti- 
factual. 

We interpret the echocardiographic observation of cathe- 
ter-septum contact in precise temporal association with a 
systolic click as evidence that catheter-septum contact gen- 
erated the click. Although LaSala and Fieldman drew the 
identical conclusion from a different (fluoroscopic) observa- 
tion, they are of course correct to point out that (any) “... 
temporal coincidence ... does not necessarily constitute a 
cause and effect relation." 

Our manuscript had been completed prior to publication 
of the paper by LaSala and Fieldman. Nevertheless, we 
apologize for having overlooked what is clearly the first pub- 
lished documentation of a systolic click due to a Swan-Ganz 
catheter. 

Jefrrey M. Isner, MD, FACC 

Jack Horton, MD, FACC 
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RELATION OF RIGHT VENTRICULAR DIMENSION TO 
SHUNT SIZE IN ATRIAL SEPTAL DEFECT 


The study of Pearlman et al.! on atrial septal defect showed 
that the persistence and degree of right ventricular dilatation 
after operative closure of the defect do not appear to be related 
to the magnitude of the preoperative left to right shunt, and 
thereby provided data of importance in the understanding of 
the pathophysiology of this lesion. However, we do not agree 
with their additional conclusion concerning a lack of corre- 
lation between the preoperative right ventricular size and the 
magnitude of the shunt. Although a similar lack of correlation 
was noted in the series reported by Radtke et al.,? the findings 
in our series? are diametrically opposed and show a very good 
correlation between preoperative right ventricular dimension 
and shunt size. 

The explanation for these conflicting observations may lie 
in the fact that the subjects in Pearlman's series are a heter- 
ogeneous group and include patients with an ostium primum 
as well as those with an ostium secundum atrial septal defect, 
patients with pulmonary hypertension, and children. In the 
report of Radtke et al., children are also included, although 
it is not stated how many, and there is also no statement as to 
how many had pulmonary hypertension. 

It is readily understandable why inclusion of patients with 
pulmonary hypertension may be one of the factors responsible 
for a poor correlation between shunt size and right ventricular 
size because the development of pulmonary hypertension in 
a patient with an atrial septal defect affects the magnitude of 
the left to right shunt. The inclusion of children may also 
adversely influence the calculation of the correlation because 
the right ventricular dimension (as well as other echocardio- 
graphic chamber dimensions), even when divided by body 
surface area, is not comparable in children and adults. Chil- 
dren normally have larger chamber dimensions per square 
meter than adults and, furthermore, this value in children 
changes with changing body surface area.* It is therefore not 
valid to attempt to correlate the right ventricular dimension 
with the shunt size in a combined group of adults and chil- 
dren. 

In order to test whether the inclusion of children and of 
patients with pulmonary hypertension, as well as the inclusion 
of casés of ostium primum atrial septal defect, is the reason 
for the poor correlation in the series of Pearlman et al., we 
recalculated the relation using the data in their series but 
eliminating each of these three categories. When each category 
is eliminated individually the correlation remains poor, but 
when all three categories are eliminated and the relation be- 
tween shunt size and preoperative right ventricular size is 
assessed solely in the 12 remaining adults (age 16 and over) 
with ostium secundum atrial septal defects and with no ap- 
preciable pulmonary hypertension (pulmonary arterial sys- 
tolic pressure 40 mm Hg or less), one finds a good correlation 
(r = 0.79, p <0.001) that is not statistically different from that 
in our series (r = 0.86, p <0.001). If, furthermore, the data from 
these 12 patients are combined with the data from the 9 sim- 
ilar patients in our series, the correlation in the combined 
series of 21 patients is highly significant (r = 0.82, p <0.001) 
(Fig. 1) and confirms our conclusion that there is a direct 
relation between shunt size and preoperative right ventricular 
dimension in ostium secundum atrial septal defect without 
pulmonary hypertension. 

We believe that this finding is of considerable importance 
because it provides a means of noninvasive estimation of the 
shunt size in atrial septal defect by measurement of the 
echocardiographic right ventricular dimension. 

Concerning the lack of correlation between the postoper- 
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FIGURE 1. Direct linear relation between right ventricular diameter (mm/m?) (ordinate) and 
shunt size expressed as ratio of pulmonary to systemic flow (abscissa) in 21 patients with 
an atrial septal defect before surgical repair. 


ative right ventricular dimension and the preoperative shunt 
size, the findings in our series are in agreement with those of 
Pearlman et al. Even when the children, the patients with 
pulmonary hypertension and those with an ostium primum 
defect are eliminated in the latter series, the correlation re- 
mains poor. We therefore concur with the conclusion that the 
persistence of residual right ventricular dilatation after op- 
eration does not appear to be related to the magnitude of the 
preoperative left to right shunt, but rather to other factors 
such as the duration of the shunt (age of the patient) at the 
time of repair. 

Kenneth L. Wanderman, MD 

Ilya Ovsyshcher, MD 

Cardiology Service 

Soroka Medical Center and 

Ben Gurion University of the Negev 

Beer Sheva, Israel 
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We are pleased that Wanderman and Ovsyshcher concur that 
persistent right ventricular dilatation and abnormal septal 
motion after atrial septal defect repair appear to be related 
to factors such as the age of the patient at the time of repair, 
and not to the magnitude of the preoperative left to right 
shunt. However, we believe that their additional sugges- 
tion—that M mode echocardiographic measurement of the 
right ventricular diameter can be used to estimate shunt size 
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in patients with an atrial septal defect (implying that cardiac 
catheterization may be avoided in these patients)—deserves 
comment. 

Our study was designed primarily to define the prevalence, 
causes and significance of abnormal right ventricular size and 
ventricular septal motion after operative closure of an atrial 
septal defect in a group of unselected patients. We thought 
it necessary to avoid the potential biases that might have been 
introduced had we elected to exclude patients on the basis of 
age, pulmonary arterial pressure or anatomy of the defect. 
Thus, the heterogeneity of the patients in our series would 
appear to be amply justified. 

Wanderman and Ovsyshcher suggest that the lack of cor- 
relation between preoperative right ventricular size and shunt 
size noted in our series is related to the heterogeneity of the 
patients we studied. As these authors have demonstrated very 
nicely, this was indeed partly true. Weak correlations between 
preoperative right ventricular size and shunt size in patients 
with atrial septal defect, similar to that noted in our series, 
have also been reported by Diamond et al.! and Radtke et al. 
(Ref 2 of Wanderman and Ovsyshcher) and are implicit in the 
data of Tajik et al.? Meyer et al.? and Kerber et al.* Most of 
these series have included a high proportion of children, as 
well as some patients with an ostium primum defect. Wan- 
derman and Ovsyshcher have selected patients (1) aged 16 and 
over, (2) with an ostium secundum atrial septal defect, and 
(3) without appreciable pulmonary hypertension. They have 
added these patients to their own series (their Ref 3) and 
demonstrated a linear relation between echocardiographically 
measured right ventricular size (expressed as right ventricular 
diameter index) and shunt size (expressed as Qp:Qs, the pul- 
monary to systemic flow ratio) in these selected patients. 

The mathematical relation between right ventricular di- 
ameter and shunt size depicted in their figure is convincing 
and has a relatively strong correlation coefficient. However, 
this relation appears to be of limited use for clinical deci- 
sion-making. First, the linear relation between right ventric- 
ular size and shunt size seems to have a large standard error 
of the estimate (although this is not stated formally); for ex- 
ample, a right ventricular diameter of 24 mm/m? is associated 
with Q,:Q, ratios ranging from 2.2 to 3.4. Moreover, this 
relation has a relatively flat slope, so that small variations in 
right ventricular diameter are associated with rather large 
variations in shunt size. For example, a right ventricular di- 
ameter of 19 mm/m? implies a shunt ratio of 1.5 or 1.6 (bor- 
derline operative), whereas a right ventricular diameter of 21 
mm/m? denotes a shunt ratio of 2.2 to 2.9. It might thus be 
difficult to use the relation proposed by Wanderman and 
Ovsyshcher to decide if a given patient has a trivial or an im- 
portant left to right shunt. Finally, adult patients meeting 
criteria similar to those proposed by Wanderman and 
Ovsyshcher occasionally show substantial variance from the 
relation between right ventricular size and shunt size dem- 
onstrated by these authors. Kerber et al.* reported on three 
patients with a right ventricular diameter of 13 mm/m? or less 
but with a Q,;:Q, ratio ranging from 2.3 to 2.8, whereas we have 
seen two patients? with a right ventricular diameter of 28 and 
32 mm/m? but a shunt ratio of only 1.2 and 1.8, respectively 
(data previously unpublished). 

It should also be stressed that right ventricular dilatation 
and abnormal septal motion, as defined by M mode echocar- 
diography, are not specific for atrial septal defect®; conditions 


such as tricuspid or pulmonary insufficiency can cause similar 
echocardiographic findings. Finally, although patients 
meeting the selection criteria proposed by Wanderman and 
Ovsyshcher can be identified on the basis of their age with. 
ease, and on the basis of the type of defect (secundum versus 
primum) with relative ease (on the basis of the electrocardi- 
ogram), it is not always easy to determine the presence or 
absence of only modest pulmonary hypertension using clinical 
or M mode echocardiographic findings. Thus, although 
echocardiographic right ventricular size may predict the ap- 
proximate magnitude of the Q,:Q, ratio in selected patients, 
we believe that right heart catheterization is nonetheless in- 
dicated (in order to confirm the presence of an atrial septal 
defect and to measure shunt size and right-sided pressures) 
when an atrial septal defect is suspected. The relatively low 
risk of performing a right heart catheterization appears to be 
justified in view of the potential for sending a patient with a 
small(or even absent) shunt for operative closure of an atrial 
septal defect or (worse yet) denying such an operation to a 
patient with a large left to right shunt if only echocardio-. 
graphically measured right ventricular diameter is used to 
determine the magnitude of the shunt. 


Alan S. Pearlman, MD, FACC 

Division of Cardiology 

University of Washington School of Medicine 
Seattle, Washington 
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ANOMALOUS CORONARY ARTERIES 


In relation to the correspondence between Cayler and Cooley! 
concerning the first description of the origin of the left coro- 
nary artery from the pulmonary artery, the article by Brooks? 
is incorrectly cited and should appear as it does in Reference 
2 below. The correct reference to Brooks' article was located. 
at the National Library of Medicine by Mr. Howard Hughes. 
This paper describes two cases in which both aortic coronary 
arteries were present; an additional third coronary artery arose 
from the pulmonary artery “to anastomose with the branches 
of the aortic coronary arteries." The paper, therefore, does not 
describe anomalous origin of either the right or left coronary 
artery. Mr. Hughes spent a good deal of time tracing this 
reference, which is erroneously cited in Index Medicus. 


Bernice G. Wedum, MD 
Washington, D.C. 
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Application, Vol. 2, edited by D. N. Ghista. Basel, S. Karger, 
1979, 159 pages 


Advances in Cardiovascular Physics: Foundations of Nonin- 
vasive Cardiovascular Diagnostic Processes, Vol. 4, edited by 
D. N. Ghista. Basel, S. Karger, 1979, 181 pages 


Ambulante Rehabilitation nach Herzinfarkt, by K. E. Schenk. 
Basel, S. Karger, 1979, 109 pages 


Assisted Circulation, edited by Felix Unger, MD. New York, 
Berlin, Springer-Verlag, 1979, 655 pages 


Atherosclerosis V: Proceedings of the Fifth International 
Symposium, edited by Antonio M. Gotto, Jr., Louis C. Smith and 
Barbara Allen. New York, Berlin, Springer-Verlag, 1980, 843 
pages, $49.80 


Brain and Heart Infarct, Il, edited by K. J. Zulch, MD, W. Kauf- 
mann, MD, K. A. Hossmann, MD and V. Hossmann, MD. Berlin, 
New York, Springer-Verlag, 1979, 331 pages, $38.50 


Cardiac Catheterization & Angiocardiography, third edition, 
by David Verel, MD and Ronald G. Grainger, MD. Edinburgh, 
London, New York, Churchill Livingstone, 1978, 239 pages, 
$29.50 


The Cardiac Cycle, by M. |. M. Noble, PhD, MD. Oxford, London, 
Blackwell Scientific Publications, 1979, 215 pages, $44.75 


Cardiac Nuclear Medicine, edited by B. L. Holman, MD, Herbert 
L. Abrams, MD and Eberhard Zeitler, Prof. Dr. Berlin, New York, 
Springer-Verlag, 1979, 88 pages, $19.00 


Cardiac Pacing: A Concise Guide to Clinical Practice, by Philip 
Varriale, MD and Emil A. Naclerio, MD. Philadelphia, Lea & Fe- 
biger, 1979, 382 pages, $27.50 


Cardiac Valve Prostheses, by Edward A. Lefrak, MD and Albert 
Starr, MD. New York, Appleton-Century-Crofts, 1979, 419 pages, 
$24.50 


Cardiology: A Clinical Approach, by Ron J. Vanden Belt, James 
A. Ronan, Jr. and Julius L. Bedynek, Jr. Chicago, Year Book 
Medical Publishers, 1979, 510 pages, $22.00 


Cardiovascular Risk Factors in Children: The Early Natural 
History of Atherosclerosis and Essential Hypertension, by 
Gerald S. Berenson, MD. Foreword by Frederick H. Epstein, MD. 
New York, Oxford University Press, 1980, 453 pages, $29.50 


Coronary Angiography in the Medical and Surgical Treatment 
of Ischemic Heart Disease, by Guillermo Pujadas, MD. New 
York, McGraw-Hill, 1980, 553 pages, $35.00 


Coronary Artery Disease: Recognition and Management, by 
Charles E. Rackley, MD and Richard O. Russell, Jr., MD. Mount 
Kisco, New York, Futura Publishing, 1979, 439 pages, 
$33.00 


Development of Angiography: And Cardiovascular Catheter- 
ization, by T. Doby, MD. Littleton, Massachusetts, Publishing 
Sciences Group, 1976, 206 pages, $18.00 


Developments in Cardiovascular Medicine, Vol. 3: Funda- 
mentals of Cardiac Pacing, edited by Hilbert J. TH. Thalen and 
Claude C. Meere. The Hague, Martinus Nijhoff Publishers, 1979, 
261 pages, $39.50 


Drugs and the Aged, by William D. Poe, MD and Donald A. 
Holloway, BS. New York, McGraw-Hill, 1980, 209 pages 


Electrocardiographie Pratique, by R. Rulliere. Paris, New York, 
Masson, 1969, 1978, 532 pages 


From Cardiac Catheterization Data to Hemodynamic Pa- 
rameters, second edition, by Sing San Yang, MD, Lamberto G. 
Bentivoglio, MD, Vladir Maranhao, MD and Harry Goldberg, MD. 
Philadelphia, Pennsylvania, FA Davis, 1978, 527 pages 


Geochemistry of Water in Relation to Cardiovascular Disease, 
by U.S. National Committee for Geochemistry, Panel on the 
Geochemistry of Water in Relation to Cardiovascular Disease. 
Washington, D.C., National Academy of Sciences, 1979, 98 
pages 


The Heart Patient Recovers: An Authoritative Account of Social 
and Psychological Factors Involved in Recovery After a First 
Heart Attack, by Sydney H. Groog, PhD and Sol Levine, PhD. 
Foreword by William B. Kannel, MD. New York, London, Human 
Sciences Press, 1977, 432 pages 


Hemodynamic Basis of Atherosclerosis, by Meyer Texon, MD. 
Washington, New York, London, Hemisphere Publishing in co- 
operation with McGraw-Hill International, 1980, 95 pages, 
$24.95 


Infective Endocarditis, edited by Shahbuddin H. Rahimtoola, MD. 
New York, San Francisco, London, Grune & Stratton, 1978, 386 
pages, $31.50 
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Practical Nuclear Cardiology, by James Sprengelmeyer, MD 
and Calvin L. Weisberger, MD. Hagerstown, Maryland, Harper 
& Row, 1979, 171 pages 


Progress in Cardiology, by Paul N. Yu, MD and John F. Goodwin, 
MD. Philadelphia, Lea & Febiger, 1979, 349 pages, $25.00 


Reversing Atherosclerosis, by G. A. Gresham, MD. Springfield, 
Illinois, Charles C Thomas, 1980, 111 pages, $11.75 


Seven Countries: A Multivariate Analysis of Death and Coro- 
nary Heart Disease, by Ancel Keys. Cambridge, Massachusetts 
and London, Harvard University Press, A Commonwealth Fund 
Book, 1980, 381 pages, $25.00 


The Sinus Node: Structure, Function and Clinical Relevance, 
edited by Felix |. M. Bonke. The Hague, Boston, London, Martinus 
Nijhoff Medical Division, 1978, 459 pages 


Social and Economic Impacts of Coronary Artery Disease, by 
Edger D. Charles and Jennie J. Kronenfeld. Lexington, Massa- 
chusetts, DC Heath, 1980, 141 pages, $17.95 


The Theoretical Basis of Electrocardiology, edited by C. V. 
Nelson and D. B. Geselowitz. Oxford, Clarendon Press, 1976, 
544 pages, $67.00 


To Pace or Not To Pace: Controversial Subjects on Cardiac 
Pacing, edited by Hilbert J. TH. Thalen and J. Warren Harthorne, 


MD. The Hague, Martinus Nijhoff Medical Division, 1978, 489 
pages, $56.40 


Trauma To The Heart and Great Vessels, by Panagiotis N. 
Symbas, MD. New York, San Francisco, London, Grune & 
Stratton, 1978, 200 paces, $22.50 


Understanding Electrocardiography: Physiological and Inter- 
pretive Concepts, by Mary Boudreau Conover, RN, BSN Ed. St. 
Louis, CV Mosby, 1980, 287 pages, $10.95 


The Use of Nonhuman Primates in Cardiovascular Disease, 
edited by S. S. Kalter. Austin, University of Texas Press, 1980, 
473 pages, $35.00 


. Vascular Grafts, edited by Philip N. Sawyer and Martin J. Kaplitt. 


New York, Appleton-Century-Crofts, 1978, 432 pages, $38.75 


Venous and Arterial Thrombosis: Pathogenesis, Diagnosis, 
Prevention and Therapy, edited by J. Heinrich Joist, MD and 
Laurence A. Sherman, MD. New York, San Francisco, London, 
Grune & Stratton, 1979, 373 pages, $18.50 

Venous Thrombo-embolic Disease, edited by C. Vaughan 
Ruckley and lain M. C. Macintyre. Edinburgh, London, New York, 
Churchill Livingstone, 1975, 255 pages, $17.50 


Venous Thromboembolism: Prevention and Treatment, by John 
L. Madden, MD and Michael Hume, MD. New York, Appleton- 
Century-Crofts, 1976, 240 pages, $15.00 


30th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


San Francisco, California 


e Abstracts 


March 15-19, 1981 


Entries must be postmarked no later than September 15, 1980 


e Technical Exhibits 


Deadline for requests for space: October 6, 1980 


e Scientific Exhibits 


Deadline for requests for space: October 6, 1980 


e Young Investigators’ Awards Competition 


Entries must be postmarked no later than November 3, 1980 


For application forms, write Sara Elliott, Director, Annua! Scientific Session Department, American College of Car- 
diology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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NEW MEMBERS OF THE COLLEGE 


The following individuals were elected to membership in the American College of Cardiology on June 19, 1980 in the category 


indicated. 


FELLOWSHIP 


ABERNATHY, William S., MD, Durham, NC 
ABRAHAM, Joshy, MBBS, Beckley, WV 
AGGARWAL, Keshav D., MBBS, Hobart, IN 
APPLESTEIN, Bruce, MD, Doylestown, PA 
BARAKAT, Kusay, MB, ChB, Baltimore, MD 
BARRON, Ear! B., MD, Hollywood, FL 
BASILICO, Frederick C., MD, Chestnut Hill, 
MA 
BAUR, Hans-Rudolf, MD, Minneapolis, MN 
BELASCO, Robert N., MD, Norristown, PA 
BERMAN, Julian L., MD, Coral Springs, FL 
BHALODKAR, Narendra C., MBBS, Bronx, 
NY 
BINDER, Alan J., MD, Great Neck, NY 
BLANKSTEIN, Ronald L., MD, Miami Beach, 
FL 
BREEN, William J., MD, Buffalo, NY 
BROWN, William T., MD, Miami, FL 
BURRIS, John O., MD, Danbury, CT 
CASCADE, Philip N., MD, Detroit, MI 
CLEMENS, Thomas M., MD, Lebanon, PA 
COGAN, John J., MD, Honolulu, HI 
COLLINSWORTH, Ken A., MD, Martinez, CA 
CUBRIA, Andrew H., MD, Chicago, IL 
DAVIES, Ross A., MD, Ottawa, Ontario, 
Canada 
DELEON, Serafin Y., MD, Chicago, IL 
DePASQUALE, Eugene E., MD, New York, 
NY 
DIAZ-CRUZ, Candido F., MD, Coral Gables, 
FL 
DOLING, Michael J., MD, Clifton Springs, NY 
ESTEVEZ, Roberto, MD, Amarillo, TX 
FERGUSON, Roger K., MD, Philadelphia, PA 
FIORE, Russell R., MD, Poughkeepsie, NY 
FISCHER, Herbert A., MD, Philadelphia, PA 
FITZGERALD, John W., MD, Phoenix, AZ 
FOWLES, Robert E., MD, Palo Alto, CA 
FRANK, Walter E., MD, Bismarck, ND 
FRANKLIN, William G., MD, Arlington, VA 
FRIDMAN, Jaime L., MD, Arlington Heights, 
IL 
GARAMI, Anne M., MD, Miami Beach, FL 
GIAMBER, Sam R., MD, Bethlehem, PA 
GILMOUR, Kay E., MD, Jacksonville, FL 
GOLDMAN, Lee, MD, Boston, MA 
GOWDA, Kempaiah A., MBBS, Detroit, MI 
GRANT, F. Curry, MD, Belleville, Ontario, 
Canada 
GREENBERG, David l., MD, Colorado 
Springs, CO 
GREENBERG, Mark A., MD, Bronx, NY 
GREENSPAN, Allan M., MD, Philadelphia, 
PA 
GREVES, John H., Ill, MD, Vancouver, WA 
GRIFFIN, Jerry C., MD, Stanford, CA 
GRIFFITH, Kenneth C., MD, Richmond, VA 
GUERET, Pascal, MD, Los Angeles, CA 


GULLOTTI, Michael J., MD, Philadelphia, PA 
HABIB, Shawki N., MB, BCh, Youngstown, 
OH 
HARBRECHT, James J., MD, Kansas City, 
MO 
HEFFERNAN, Bart T., MD, Ft. Lauderdale, FL 
HOOVER, Eddie L., MD, New York, NY 
HURST, John W., Jr., MD, Atlanta, GA 
JENSEN, Douglas P., MD, Phoenix, AZ 
JONAS, Ernesto A., MD, East Meadow, NY 
KACHEL, Richard G., MD, West Palm 
Beach, FL 
KARHADE, Nagiorao V., MD, Fort Wayne, IN 
KIEVAL, Joshua, MD, Miami, FL 
KRISHNAMURTHY, Poovambur S., MBBS, 
Perry, FL 
KUNKES, Steven H., MD, Bronx, NY 
LARSON, Dennis G., MD, Wenatchee, WA 
LINDENSTRUTH, Daniel V., MD, Baltimore, 
MD 
LIPTON, Martin J., MB, ChB, San Francisco, 
CA 
LORCH, Gerald, S., MD, Renton, WA 
MAGGS, Peter R., MB, ChB, Boston, MA 
MICHIEL, Robert R., MD, Syracuse, NY 
MINTZ, Gary S., MD, Philadelphia, PA 
MOSELEY, Patterson W, MD, Orlando, FL 
NAIK, Dyanand, MBBS, Scarsdale, NY 
OH, Whie, MD, Deer Park, CA 
OTT, David A., MD, Houston, TX 
PARITZKY, A. Zorel, MD, Encino, CA 
PIERRI, Mary K. M. MD, New York, NY 
POLESE, Alvise, MD, Moffett Field, CA 
PRIEST, Marshall F., MD, Boise, ID 
RAMANATHAN, Kodangudi B., MBBS, 
Memphis, TN 
RAO, Boyanapalli V., MB, BS, Pittsburgh, PA 
RAPTOULIS, Arthur S., MD, Orlando, FL 
REES, Klaus O., MD, Lithia Springs, GA 
RIAZ, Muhammad K., MBBS, Chicago, IL 
RIBA, Arthur L., MD, West Haven, CT 
RIEDEL, John S., MD, Bronx, NY 
ROBERT, Edward W., MD, Palo Alto, CA 
ROSSI, Michael A., MD, Hartford, CT 
SCHULMAN, Ira C., MD, New York, NY 
SEDA, Peter E., MD, Richland, WA 
SHAH, Prediman K., MBBS, Los Angeles, 
CA 
SHAIKH, Ali N., MBBS, Cleveland, OH 
SHAPIRO, Jerome B., MD, PhD, Jamaica, 
NY 
SHERMAN, Stanley W., MD, Decatur, GA 
SIEGEL, Jack S., MD, Schenectady, NY 
SIMPSON, Michael T., MD, LaGrange, GA 
SIMSON, Michael B., MD, Philadelphia, PA 
SINDERSON, Thomas G., MD, Rockville, MD 
SINGH, Surender, MBBS, Philadelphia, PA 
SNIDER, A. Rebecca, MD, San Francisco, 
CA 


STANG, John M., MD, Columbus, OH 

TATELBAUM, Ronald J., MD, Poughkeepsie, 
NY 

TROBRIDGE, Geoffrey F., MD, Sudbury, 
Ontario, Canada 

TURNER, Jan L., MD, Memphis, TN 

TYLER, Henry B., MD, Jackson, MS 

UDOSHI, Mallapa B., MBBS, New York, NY 

UNTEREKER, William. J., MD, Philadelphia, 
PA 

VALDEZ, Ruben S., MD, Phoenix, AZ 

WADHWA, Surender K., MBBS, Richland, 
WA 

WEEKS, Keith R., MD, Billings, MT 

WEINER, Bonnie H., MD, Worcester, MA 

WERAARCHAKUL, Witoon, MD, 
Bloomington, IL 

WIENER, Isaac, MD, New York, NY 

WINTERFIELD, Roland W., Jr., MD, 
Evergreen Park, IL 

YOUNG, Don J., MD, Sandusky, OH 

ZACCA, Nadim M., MD, Houston, TX 

ZEMPLENYI, Tibor K., MD, DSc, Los 
Angeles, CA 


ADVANCE TO FELLOWSHIP 


ALCORTA, Carlos E., MD, North Bergen, NJ 

BENHAM, lan D., MD, Providence, RI 

BERGLUND, Robert K., MD, Chattanooga, 
TN 

BLANCHARD, William B., MD, Gainesville, 
FL 

BLATT, Sidney J., MD, Utica, NY 


BOPITIYA, Chandana, MBBS, Venice, FL 


CHIZNER, Michael A., MD, Ft. Lauderdale, 
FL 
DAVACHI, Ali A., MD, Middletown, NY 
DAVIDSON, Kenneth H., MD, Rochester, NY 
DILLAHUNT, Paul H., Il, MD, Jacksonville, FL 
DOUGHERTY, James E., MD, Hartford, CT 
ELLIS, John C., MD, Thousand Oaks, CA 
FASHINELL, Thomas R., MD, Walnut Creek, 
CA 
FAULKNER, Dale A., MD, Houston, TX 
GARD, Joseph R., MD, Lincoln, NE 
GUBERMAN, Bruce A., MD, Cincinnati, OH 
GUZY, Peter M., MD, PhD, Los Angeles, CA 
HABIB, Ahmad M., MD, Secaucus, NJ 
HALLAM, Clifford C., MD, Indianapolis, IN 
HAYDEN, Ralph O., MD, San Francisco, CA 
HILLERT, Melbert C., Jr., MD, Dallas, TX 
ITELD, Bruce J., MD, New Orleans, LA 
JACOBS, Julian H., MD, Monticello, NY 
JANTZ, Thomas A., MD, New Orleans, LA 
JOSWIG, Bill C., MD, San Diego, CA 
KAHAN, Sherman, MD, Frederick, MD 
KALANITHI, A. Paul, MBBS, Bronx, NY 
KHANDELWAL, Basant K., MB, BS, 
Baltimore, MD . 
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KIM, Hyung Gi, MD, Washington C. H., OH 

KIRSCHENFELD, Seymour, MD, 
Massapequa, NY 

KONKA, Sudarsanam, MD, Brooklyn, NY 

KOROTKIN, Steven M., MD, Southfield, MI 

LABIB. Atef S., MD, Baltimore, MD 

LEE, Kang Woo, MD, Pico Rivera, CA 

LENG, Vitt P., MD, Belleville, NJ 

MAHADEV, Vennaralagappan, MD, Iron 
Mountain, MI 

MANUBENS, Sergio J., MD, Cleveland, OH 

MARDELLI, T. Joseph, MB, BCh., Baltimore, 
MD 

MARRUS, Richard S., MD, Cohoes, NY 

MARTIN, Joanne C., MD, Morristown, NJ 

MICHELSON, Eric L., MD, Philadelphia, PA 

NAHORMEK, Patricia A., MD, Houston TX 

PATTERSON, F. M. Simmons, Jr., MD, 
Pinehurst, NC 

REVANA, Madaiah, MB, BS, Houston, TX 

RICHARDSON, Charles E., MD, Louisville, 
KY 


RICHARDSON, James A., MD, PhD, 
Arlington, TX 

ROGERS, Edwin W., Jr., MD, Birmingham, 
AL 

ROLLER, Dean H., MD, Coral Gables, FL 

ROMERO, I. Enrique, MD, Harper Woods, MI 

SALOMON-CARRILLO, Alfredo, MD, Puebla, 
Mexico 

SEE, Jackie R., MD, Fullerton, CA 

SELVAN, Arthur, MD, Santa Ana, CA 

SHEIKH, Shahid H., MB, BS, Bronx, NY 

SHETH, Mohit K., MB, BS, Madisonville, KY 

STALHEIM, Rodney M., MD, Lenoir, NC 

STERN, Mark S., MD, Mesa, AZ 

STEUDEL, W. Theodore, MD, Tacoma, WA 

SWAMY, C. R. Narayana, MD, Alexandria, 
LA 

TENDLER, Steven W., MD, Lansdale, PA 

TENENBAUM, Joseph, MD, New York, NY 

THOMAS, Ignatius, MBBS, New Orleans, LA 

WARSHALL, Steven L., MD, North Palm 
Beach, FL 


LEARNING CENTER: PROGRAM CALENDAR 





The American College of Cardiology's Learning Center is located at 
the College's headquarters in Bethesda, Maryland. The purpose of the 
Learning Center is to support professional commitment to quality patient 
care by providing a standard of excellence in continuing medical edu- 








WEBER, Jan R., MD, Philadelphia, FA 
WEINBERG, Marc A., MD, Huntington, NY 
YORK, Elihu, MD, Pensacola, FL 


ASSOCIATE FELLOWSHIP 


AMELL, Juan R., MD, Houston, TX 

FREEMAN, Ronald A., MD, San Jose, CA 

KOSHY, Nadakavil M., MBBS, Sarasota, FL 

KUDLER, Alan M., MD, New Britain, CT 

GORIN, Enrique, MD, Miami Beach, FL 

NOLEWAJKA, Andre J., MD, London, 
Ontario, Canada 

NOURI-MOGHADDAM, Soraya, MBBS, St. 
Louis, MO 

SHEA, Peder M., MD, San Diego, CA 


AFFILIATE 


GOMEZ, Rodney A., MD, Bacolod, 
Philippines 

RAMIREZ-LOZANO, Jairo, MD, Louisville, 
KY 


For additional information or a complete program calendar, contact the 
Program Registrar, Heart House Learning Center, American College 
of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
Telephone (301) 897-5400. 


cation. 
SEPTEMBER THROUGH DECEMBER 1980 
Month/Dates Program Director Title of Program 
Sept. 15-16 Douglas P. Zipes, MD Pacing Frontiers: Physiological Pacing and Arrhythmia Control 
Sept. 22-24 Sylvan Lee Weinberg, MD CCU Update for Nursing Supervisors 


Sept. 29, 30, Oct. 1 


Max Harry Weil, MD 


Oct. 3-10 William W. Parmley, MD 
Oct. 15-17 Arthur D. Hagan 

Oct. 20-21 Joseph K. Perloff, MD 
Oct. 29-31 Robert S. Eliot, MD 
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Emergency Care of the Critically IIl Patient 

Noninvasive Techniques: Sensitivity and Specificity 

Update in Cardiovascular Techniques and Principles for the Technologist 
Functional Anatomy of Heart Disease: Clinician and Pathologist 


Behavioral Methods for Clinical Cardiologists 


Volume 46 


CALENDAR OF EXTRAMURAL PROGRAMS 
a M 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 


Education Committee for Extramural Programs. 


assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 
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of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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AUGUST THROUGH DECEMBER 1980 
inem MESS a ae gd Se a i E- 15 


To be Preceptorships in Cardiology. Arthur 
arranged  Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 


To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

AUG. Tutorials in the Tetons: Cardiac Emer- 

23-25 gencies—New Diagnostic and Thera- 
peutic Advances (Sixth Annual). Robert 
S. Eliot, FACC, director and Alan D. 
Forker, FACC and Gerald L. Wolf, co- 
directors. Jackson Lake Lodge, Moran, 
WY 

SEPT. Advanced Echocardiography. Harvey 

15-17 Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Randall L. Caldwell, FACC, co-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 

SEPT. Mechanisms and Therapy of Cardiac 

29- Arrhythmias. Leonard S. Dreifus, FACC 

OCT. and Yoshio Watanabe, FACC, co-di- 

2 rectors. Philadelphia Marriott Motor 


Hotel, Philadelphia, PA 


OCT. Can the Natural History of Coronary 
3-5 Artery Disease Be Altered? Recent 
Progress and Future Directions in 
Medical and Surgical Therapy. Richard 
R. Miller, FACC, director and Michael E. 


DeBakey, FACC and Antonio M. Gotto, 
Jr., FACC, co-directors. Galleria Plaza, 
Houston, TX 


OCT. Electrocardiography: Core Curriculum 

6-9 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Indianapolis Hilton 
Downtown, Indianapolis, IN 


OCT. New Techniques and Concepts in 

23-25 Cardiology. Coronary Artery Disease: 
Vasodilators, Calcium Antagonists, 
Balloon Dilatation, Non-invasive Di- 
agnosis; Valvular Heart Disease; Hy- 
pertrophic Cardiomyopathy. Stephen 
E. Epstein, FACC, director. Hyatt Re- 
gency Hotel, Washington, DC 


OCT Clinical Decisions in Cardiac Surgery. 
Stanley K. Brockman, FACC, Albert N. 
Brest, FACC and William S. Frankl, 
FACC, directors. Fairmont Hotel, Phila- 


delphia, PA 
OCT. Fourth Annual Seminar. Cardiology 
30- Update 1980. William W. Parmley, 
NOV. FACC, director. Del Monte Hyatt House, 
1 Monterey, CA 
NOV. Cardiac Pacing. Doris J. W. Escher, 
5-7 FACC and Seymour Furman, FACC, di- 


rectors. The New York Hilton, New York, 


NY 

NOV. Advances in Heart Disease 1981. Dean 

29- T. Mason, FACC, director. Fairmont 

DEC. Hotel, San Francisco, CA 

1 

DEC. Two-Dimensional Echocardiography 

4-6 vs. Cardiac Nuclear imaging. Joel 
Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 

DEC. Coronary, Hypertensive, Valvular and 

7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg, VA 

DEC. Cardiovascular Disease: Achievements 

12-14 and Challenges 1980. Henry |. Russek, 


FACC, director, Sheraton Centre, New 
York, NY 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


THE WHOLE PAPER 


e Address manuscript to Managing Editor, 
American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10019. 

e Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. 

e Arrange the paper in this order: (1) title 
page; (2) abstract; (3) text; (4) references; (5) 
legends; (6) tables; and (7) figures. 

e Number all pages in above sequence, be- 
ginning with title page as 1, abstract as 2, 
etc. 

e Type all matter: (1) on 8 X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side cf each sheet only; (4) double-space; (5) 
leave wide margins, all four sices. 


THE TITLE PAGE 


e Inciude first names, degrees and, where 
applicable, FACC for all authors. 

e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
formation about grants. 

e Add at bottom the phrase '' Address for re- 
prints: . . .” followed by full name and address 
with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 words for 
major articles; 50 to 100 worcs for case re- 
ports. 

e Add at end of abstract: list of 2 to 6 key 
words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
Parkinson-White. 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532-5; and 
Lancet 1979:1:428-30. 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman nu- 
merals: Table |, ll, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

* Use arrows to desigr.ate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lisned figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 
reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants. Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 
For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 


358 August 1980 The American Journal of CARDIOLOGY Volume 46 


Time is the test of all thinas. 












































































zn BRIEF SUMMARY 
Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavors 
Sugar-Free 
Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental potas 
(as potassium gluconate, 4.68 g) with saccharin and aromatics. Alcohol 5%. 
Indications: Kaon Elixir is indicated for the treatment of potassium depletion 
patients with hypokalemia and for the treatment of digitalis intoxication. Kaon 
Elixir is also indicated for the prevention of potassium depletion when the diet: 
intake of potassium is inadequate for this purpose. The prophylactic administra 
of potassium ion may be indicated in patients receiving digitalis and diuretics for 
treatment of congestive heart failure; hepatic cirrhosis with ascites, patients with 
hypertension on long-term diuretic therapy; patients on corticosteroid therapy; 
hyperaldosteronism states with normal renal function; the nephrotic syndrome; and 
3i certain diarrheal states. 
d c Contraindications: Potassium supplements are contraindicated in patients with hype 
- kalemia since a further increase in serum potassium concentration in such patients can 
produce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chr 
renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium-spar 
diuretic (e.g. spironolactone, triamterene). 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation if adm 
tered undiluted. For details regarding adequate dilution, see Dosage and Administration. 

In patients with impaired mechanisms for excreting potassium, the administration of potassium salts 
produce hyperkalemia and cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly careful 

monitoring of the serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of potassium salts 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium, while acute acidosis per se can increase the serum potassium concentra- 
tion into the normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the presence of 
cardiac disease, renal disease, or acidosis, requires careful attention to acid- 
base balance and appropriate monitoring of serum electrolytes. the electro- 
cardiogram. and the clinical status of the patient 
In hypokalemic states, especially in patients on a low-salt diet. 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In these 
circumstances. potassium replacement with potassium 
chloride (e.g. Kaochlor 10% Liquid. W-T) may be more 
advantageous than with other potassium salts. However. 
Kaon can be supplemented with chloride. Ammonium 
chloride is an excellent source of chloride ion (18.7 mEq 
per gram) but it should not be used in patients with hepatic 
cirrhosis where ammonium salts are contraindicated. 
Adverse Reactions: Nausea. vomiting, diarrhea, and 
abdominal discomfort have been reported. The symp- 
toms and signs of potassium intoxication include 
paresthesias of the extremities, flaccid paralysis, 
listlessness. mental confusion. weakness and heav- 
iness of the legs. fall in blood pressure, cardiac ar- 
rhythmias, and heart block 
Overdosage: The administration of oral potassium 
salts to persons with normal excretory mechanisms 
for potassium rarely causes serious hyperkalemia. 
However. if excretory mechanisms are impaired or if 
potassium is administered too rapidly intravenously, po- 
tentially fatal hyperkalemia can result (see Contraindica- 
is and Warnings). It is important to recognize that hyper- 
I5 usually asymptomatic and may be manifested only by an 
In potassium concentration and characteristic electrocarcio- 
ges (peaking of T-waves. loss of P-wave. depression of S-T seg- 
prolongation of the QT interval). Late manifestations include 
aralysis and cardiovascular collapse from cardiac arrest. 
pplied: Pints and gallons in Grape and Lemon-Lime flavors; 15 ml 
kand 4 fl. oz. in Grape flavor only. 


Kaon Elixir unc pr 
potassium gluconate) 


20 mEq per 15 ml 








- Report on Recent studies “confirm 
Peritrate long-acting nitrates such as 


e (R 
Peritrate 
AQ (pentaerythritol 
Mdg tetranitrate) 
I, Are absorbed following 
; Oral ingestion 


2. Produce prolonged changes 


f. In cardiac hemodynamics 





Cardiac Catheterization Study' 


To assess hemodynamic effects of 
Peritrate 40 mg vs placebo in 
double-blind crossover study. 


Purpose: 


Right heart catheterization. 14 separate parameters 
measured. 


Mean 
Pulmonary 
Artery 
Wedge 
Pressure 
(mm Hg) 


Systemic 
Blood 
Pressure 


Mean 
Pulmonary 
Artery 
Pressure 
(mm Hg) 


Diastolic 
(mm Hg) 


Systolic 
(mm Hg) 


After 60 
minutes 


After 150 
minutes 


After 300 


minutes 


* Significant from baseline at 5% level. 


Summary of Results: Capacitance Parameters 


Resistance Parameters 


Nuclear Imaging Study’ 


To measure the hemodynamic 
effects of Peritrate 40 mg or 
placebo in 53 patients one hour 
after administration. 


Purpose: 


Single-blind study. Measured ejection fraction to 
assess ventricular function. Blood pressure monitored. 


Ejection 
Parameter Fraction Systolic B.P. Diastolic B.P. 


Groups I & II 
Combined (n=34) 
Before 


Group I (n=20) 
Before 


Group II (n=14) 
Before 


* Significant from baseline at 5% level. 


Reduced pulmonary arterial wedge pressure 
Reduced left ventricular end-diastolic pressure 
Reduced systemic arterial blood pressure 
Increased ejection fraction 


Peritrate^ produced significant effects on hemodynamic factors related to preload and afterload. 


For the relief of angina pectoris " 


Peritrate 


(pentaerythritol tetranitrate) 


Affects cardiac hemodynamics following oral ingestion’ 


Available in a variety of dosage strengths for 
convenience in individual patient titration. 


* Based on a review of this drug by the National Academy of Sciences — National 
Research Council and /or other information, FDA has classified the indications as 
follows: 


"Possibly" effective: Peritrate (pentaerythritol tetranitrate) is indicated for the 
relief of angina pectoris (pain associated with coronary artery disease). It is not 
intended to abort the acute anginal episode but it is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 


Final classification of the less-than-effective indications requires further investigation. 


© 1980 WarnerLambert Company 
PD-JA-0338-I-P (5-80) 


* 


' * The studies reported here are 
intended only to show the avail- 
ability of pentaerythritol tetrani- 
trate to the target organ(s). 
Peritrate is rated possibly effec- 
tive for the relief of angina pec- 
toris. This report does not 
imply a higher reclassification 
of that rating nor does it imply 
the use for other indications. 
Consult full prescribing infor- 
mation appearing on next page. 


Peritrate 
20 mg 


Peritrate 
40 mg 


Peritrate 
SA 
80 mg 


References 

1. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated left ventricular 
filling pressure in cardiac failure by oral, long-acting nitrate therapy. Presented at the 
American Federation for Clinical Research, San Francisco, CA, April 29-May 1, 1978. 


2. Winsor D, Winsor T: Cardiac function and hemodynamic parameters after pentaerythri 
tol tetranitrate: assessment by a new noninvasive radionuclide technique. Angiology 
30:266-275, April, 1979. 


PARKE-DAVIS 


Div of Warner.Lambert Co 
Morris Plains, NJ 07950 USA 





A112 


sustained ACTION (pentaeryurito: teuamtrate) ou mg 


Peritrate® 
(pentaerythritol tetranitrate) 40 mg 


Peritrate® 

(pentaerythritol tetranitrate) 20 mg 

Peritrate® 

(pentaerythritol tetranitrate) 10 mg 

Description Each tablet of Peritrate SA Sustained Action contains: 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each 
tablet of Peritrate 20 mg contains pentaerythritol tetranitrate 
20 mg. Each tablet of Peritrate 20 mg contains pentaerythritol 
tetranitrate 10 mg. Peritrate (pentaerythritol tetranitrate) is a 
nitric acid ester of a tetrahydric alcohol (pentaerythritol). 


Indications Based on a review of this drug by the National 
Academy of Sciences—Nalional Research Council and/or 
other information, FDA has classified the indications as 
follows: 


"Possibly" effective: Peritrate (pentaerythritol tetranitrate), 


is indicated for the relief of angina pectoris (pain associated 
with coronary artery disease). It is not intended to abort the 
acute anginal episode but it is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications 
requires further investigation. 


Contraindications Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to 
the drug. 

Warning Data supporting the use of Peritrate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine, and many other agents. 

Precautions Should be used with caution in patients who have 
glaucoma. Tolerance to this drug and cross-tolerance to other 
nitrites and nitrates may occur. 

Adverse Reactions Side effects reported to date have been pre- 
dominantly related to rash (which requires discontinuation of 
medication) and headache and gastrointestinal distress, which 
are usually mild and transient with continuation of medication. 

In some cases severe, persistent headaches may occur. 

In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature: 
(a) Cutaneous vasodilation with flushing. 

(b) Transient episodes of dizziness and weakness, as well as other 
signs of cerebral ischemia associated with postural hypotension, 
may occasionally develop. 

(c) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, perspiration and col- 
lapse) can occur, even with the usual therapeutic doses. Alcohol 
may enhance this effect. 

Dosage Peritrate (pentaerythritol tetranitrate) may be adminis- 
tered in individualized doses up to 160 mg a day. Dosage can be 
initiated at one 10 mg or 20 mg tablet q.i.d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) q.i.d. one-half hour 
before or one hour after meals and at bedtime. Tablets can be 
chewed or swallowed whole. 

Alternatively, Peritrate Sustained Action 80 mg can be adminis- 
tered on a convenient b.i.d. dosage schedule; tablets should not be 
chewed. 

How Supplied Peritrate SA Sustained Action (pentaerythritol tetra- 
nitrate) 80 mg double layer, biconvex, dark green/light green 
tablets in bottles of 100 (N 0740-0004-51) and 1000 

(N 0740-0004-60). Also unit dose, package of 10 by 10 strips 

(N 0740-0004-11). 

Peritrate (pentaerythritol tetranitrate) 40 mg—coral, scored tab- 
lets in bottles of 100 (N 0470-0008-51). 

Peritrate (pentaerythritol tetranitrate) 20 mg—light green, scored 
tablets in bottles of 100 (N 0470-0001-51) and 1000 

(N 0470-0001-60). Also unit dose, package of 10 by 10 strips 

(N 0470-0001-11). 

Peritrate (pentaerythritol tetranitrate) 10 mg—light green, 
unscored tablets in bottles of 100 (N 0470-0007-51) and 1000 

(N 0470-0007-60). 

Animal Pharmacology In a series of carefully designed studies in 


- pigs, Peritrate (pentaerythritol tetranitrate) was administered for 


48 hours before an artificially induced occlusion of a major coro- 
nary artery and for seven days thereafter. The pigs were sacri- 
ficed at various intervals for periods up to six weeks. The result 
showed a significantly larger number of survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythritol tetranitrate) is 
vasoactive at the postarteriolar level, producing increased blood 
flow and better tissue perfusion. These animal experiments cannot 
be translated to the drug's actions in humans. 


Full information is available on request. 
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EXERCISE 
in Cardiovascular 
Health and Disease 
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EZRA A. AMSTHRDASE MD 
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For every professional with an 
interest in Exercise and the Heart. 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

C] Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

C] Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, anc physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


A TT TT 


Yorke Medical Books 


AJC 8/80 


666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will 5e honored ($33.00 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


C] Full payment enciosed, publisher pays shipping. 
[7] Please bill me, plus cost of shipping. 
O Charge my credit card: [7] MasterCard ( ) Visa. 


Dart NO igo see de ono ee eins. (ERP EO Date 


New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 


Name 





Address 


City 
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Technical Director 
Noninvasive Lab 


Here is an excellent opportunity for an individual with extensive experience 
in clinical cardiovascular medicine and in-depth knowledge of echocar- 
diographic equipment. Will also consider a highly skilled echocardiograph 
technician. Minimum of 3 years experience required. Administrative and 
budgetary skills helpful. For consideration submit resume and salary 


requirements to Employment Manager. 


FIUP 


HOSPITAL OF THE 
UNIVERSITY OF PENNSYLVANIA 


3400 Spruce Street, Philadelphia, Pa. 19104 


An Equal Opportunity Employer, M/F/H 
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THe TR.FDSCTTAR. 





A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
IMPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


SCAN REEL-TO-REEL, CARTRIDGE, 
OR CASSETTE RECORDINGS. 
[he Trendsetter handles all. 


JETECT ARRHYTHMIAS WITH 

JNPARALLELED ACCURACY. 

[he system's Arrhythmia Analyzer is “operator-taught” 
o recognize each patient's unique normal and variant 
vaveforms, and to compare all subsequent waveforms 
o the learned patterns. The Analyzer then categorizes 
ind counts all such waveforms— making arrhythmia 
letection precise and specific for each patient. 


REDUCE PROCESSING TIME 

NITH NEW X240 SCANNING SPEED. 

selectable scan speeds of X240, X120 or X60 provide 
he operator with a speed-control range to assist in gen- 
rating comprehensive reports rapidly —all with com- 
lete accuracy. 


,VALUATE AMBULATORY ECG, BLOOD 
'RESSURE, AND PACEMAKER RECORDINGS 
VITH A SINGLE INTEGRATED SYSTEM. 

he Trendsetter learns, examines, tabulates, 

nd formats reports of all recorded data. 


JEL MAR AVIONICS 


101 Alton Avenue at Red Hill, Irvine, CA 92714 
lephone (714) 549-1500 Telex 68-5621 
utside California (800) 854-0481, Inside California (800) 432-8446 


ir more information, call any. one of our Corporate Sales and Service Offices 


SELECT REPORT FORMATS TAILORED TO 

YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 
patient: 


B Trend records of heart rate 
B ST segment level and blood pressure 
B 2-channel ECG documentation 


m Hourly tabulations of ECG activity, pacemaker activity, 
and blood pressure 

m Graphic/histographic charts of recorded data 

B Any combination you predetermine 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 
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ISTON (617) 942-0230 DETROIT (313) 559-6863 LOS ANGELES (213) 546-3324 PHOENIX (602) 275-2451 TAMPA (813) 879-82& 
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For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


o Greater GI tolerance 
than with quinidine sulfate 
r1 Full quinidine cardiodynamics 


rj Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- . 


cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine. * 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Saltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
poiygalacturonate) ere indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
ma! AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atria! fibrillation when therapy Is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Ve to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PUROUE FREDERICK COMPANY / NORWALK, CT 06656 CB207 211276 
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Coronary Collateral Vessels and 
Regional Myocardial Blood Flow 


( Noninvasive Testing in Coronary Artery Disease 
Drug Therapy for Ventricular Arrhythmias 
Last Call for Abstracts: ACC 30th Annual Scientific Session 


San Francisco, California, March 15—19, 1981 
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IN ANTIHYPERTENSIVE THERAPY 


... ANSWERS ABOUT 





Can an antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOMET CAN 


(METHYLDOPA|MSD) 





ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 


Copyright © 1979 by Merck & Co., Inc. 


Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 
(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac function 
and lowers blood pressure usually without reducing 
cardiac output. Rather, it appears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tends to 
increase). 


Hemodynamic Changes as Hypertension Progresses* 





Borderline Established Congestive 
hypertension hypertension heart failure 


2o Peripheral resistance 


1388 Cardiac output 





*adapted from Messerli and de Carvalho' 


This may be particularly important in hypertensives 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET. This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued. 
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Can an antihypertensive 
be effective usually with- 
out further reducing 
renal blood flow? 


ALDOMET CAN 


(METHYLDOPA|MSD) 


Glomerular filtration rate, 
filtration fraction, and 
renal blood flow are 
usually not reduced; 
therefore, ALDOMET is 
appropriate for many 
hypertensive patients 
with significantly im- 
paired renal function. Since the drug is largely 
excreted by the kidney, patients with impaired renal 
function may respond to smaller doses. 


Will an antihypertensive 

- generally allow a normal 
cardiovascular response 
to exercise? 


.ALDOMET WILL 
(METHYLDOPA|MSD) - 


Cardiac output and blood pressure normally increase 
as the physical activities of the patient increase. 
ALDOMET does not significantly impair normal fluc- 
tuations of blood pressure during exercise.?.? 

This can be of importance to active hypertensive 
patients —such as athletic individuals or persons 
whose work requires substantial physical effort. With 
ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the 
initial period of therapy or whenever the dose is 
increased. Headache, asthenia, or weakness may be 
noted as early and transient symptoms. 








Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


(METHYLDOPA|MSD) 





A recent SI followed a group of patients on 
ALDOMET for ten years or more. The results suggest 
that ALDOMET is a highly effective medication for 
the long-term management of hypertension. 


It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur 
with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 
potentially fatal complications unless properly recog- 
nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979. 
2. Yasky J, Carosella C. Costa 0: Diagnosis of arterial hypertension by means of graduated ergometric test, 
in Zanchetti, A (ed): pec y (NOR NSE in Worldwide Clinical Experience, West Point, Pa, Merck 


Sharp & Dohme, 197 — 
3. Mancia G, Ferrari A, dregorini G. el al: Effects of treatment with manido Meran on 
: ALDOMET® (Met ^in Worldwide,Clinical 


neural circulatory control, in Zanchetti, 
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— — Contraindications: Active hepatic disease, such as 
- acute hepatitis and active cirrhosis: if previous 
à Ta - methyldopa therapy has been associated with liver 
- disorders (see Warnings); hypersensitivity. 

.. Warnings: It is important to recognize that a 
A positive Coombs test, hemolytic anemia, and liver 
: . disorders may occur with methyldopa therapy. The 
n. ve occurrences of hemolytic anemia or liver 
... disorders could lead to potential y fatal — 
d - tions unless properly recognized and managed. 
a Read. this section carefully to understand these 


With prolonged methyldopa therapy. 10% to 20% of 
A patients develop a positive direct Coombs test, 
. usually between 6 and 12 months of therapy. Lowest 
= incidence is at daily dosage of 1 g or less. This on 
m fare occasions may be associated with hemolytic 

— anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
. positive direct Coombs test may develop hemolytic 
- anemia. Prior existence or development of a positive 
A E direct Coombs testis not in itself a contraindication to 

use of methyldopa. If a positive Coombs test 
- develops during methyldopa therapy, determine 
— whether hemolytic anemia exists and whether the 
| . positive Coombs test may be a problem. For 
. . example, in addition to a positive direct Coombs test 
= there is less often a positive indirect Coombs test 
E which may interfere with cross matching of blood. 
= Atthe start of methyldopa therapy, itis desirable to do 
—— a blood count (hematocrit, hemoglobin, or red cell 
= count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
= during therapy to detect hemolytic anemia. It may be 
E. useful to do a direct Coombs test before therapy and 


E Coombs- -pesitive hemolytic anemia occurs. the 
S ‘cause may be methyldopa and the drug should be 
~ discontinued. Usually the anemia remits promptly. If 
3 - not, corticosteroids may be given and other causes 
44 of anemia should be considered. If the hemolytic 
. anemia is related to methyldopa, the drug should not 
- be reinstituted. When methyldopa causes Coombs 
-positivity alene or with hemolytic anemia, the red cell 
— iş usually coated with gamma globulin of the IgG 
4 (gamma G) class only. The positive Coombs test may 
—. not revert to normal until weeks to months after 

- methyldopa is stopped. 
= Should the need for transfusion arise in a patient 
E receiving methyldopa, both a direct and an indirect 
E Coombs test should be performed on his blood. In 
_ the absence of hemolytic anemia, usually only the 
— direct Coombs test will be positive. A positive direct 
- Coombs test alone will not interfere with typing or 
cross Tunt If the indirect Coombs test is also 
= positive, problems may arise in the major Cross 


"s. 
































H 
43 f 
[i 


t 
| i 
j E 
Ea 
= 





match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions: periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal whem the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect en granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of feta! injury or injury to a 
nursing infant cannot be exciuded. Methyldopa 
crosses the placental barrier, appears in cord blood, 

and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum creatinine by the alkaline picrate method. and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itisimportantto recognize this phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
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lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient: dizziness, lightheadedness, symp- 
tems o! cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear. ) 
Gastrointestinal: Nausea. vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sere or "black" tongue, pancreatitis, sialadenitis. 
Hepatic. Abnormal liver function tests, jaundice, 
liver disorders. 

Hematoiogic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granu'ocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, cynecomastia, lactation, impotence, de- 
creased libido, dermatalogic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or adding a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncopein older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: :his may be avoiced by lower doses. 

How Supplied: Tablets, containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets. containing 
250 mg methyldopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 500. 
For more detailed information, con- M MSD D 
ENSE 
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sult your MSD representative or see 
full prescribing information. Merck 
Sharo & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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It Sets The Standard For Years To Come 


Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
ing system. 


New technology 
aid Over 60 years of experience. the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 
a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
Standard mechanical lead selector switch. 


se Simplicity of 
operation is achieved in the VS-550, from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a switch...an optional AC Eliminator removes 


line power interference without distorting the ECG. 
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SENSITIVITY 


The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST™ program. Most service adjustments 
can be made without disassembly. Downtime IS 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 
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CLINICAL STUDIES 


Effect of Coronary Collateral Vessels on Regional Myocardial 
Blood Flow in Patients With Coronary Artery Disease. Relation 
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Holman and Jackie R. See 
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Scintigraphy. Bruce C. Berger, Denny D. Watson, George J. 
Taylor, Lawrence R. Burwell, Randolph P. Martin and George A. 
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Letters to the Editor 
American College of Cardiology News 
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The original dipyridamole. 





dipyridamole 


INDICATIONS—Based on a review of this drug by 
the National Academy of Science-National Research 
Council and /or other information, FDA has classified 
the indication as follows 


“Possibly” effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 


frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginal attack 


Final classification of the less-than-effective indica- 
tions requires further investigation. 





CONTRAINDICATIONS —No specific 
contraindications are known 


PRECAUTIONS —Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity 


ADVERSE REACTIONS — Adverse reac- 


tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therapy. Rare cases of 
what appeared to be an aggravation of 
angina pectoris have been reported 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms 


DOSAGE AND ADMINISTRATION — 
The recommended dosage is 50 mg 


three times a day, taken at least one 
hour before meals 
higher doses may be necessary but a 

significantly increased incidence of side 


in some cases 


effects is associated with increased 
dosage. Clinical response may not be 
evident before the second or third 
month of continuous therapy 


Tablets of 25 mg and 75 mg 


For complete details, please see the full 
prescribing information 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 


For patients who need K CI- 
one sparkles bright: 


LORVESS 
SENT 
GRANULES === 
offer 
SRARKEING 
AT 
JSSORUMON 


ready in seconds instead of minutes 
— fast dissolution so unique it’s patented* 


pleasant citrus flavor 


each packet delivers 20 mEq of potassium 
and chloride 


easily carried in patient's pocket or purse 


can be mixed with water or other liquid for 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS Sparkle 


see brief summary of prescribing information on adjoining page. 





Give your patients - 
the KLORVESS sparkle 


Klorvess? Effervescent Granules and 
Klorvess? (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate O.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescentformulation. Dissolutionofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 195. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: Inresponse toarise in the concentration of body 
potassium, renal excretion of the ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: K/orvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules — packages of 
30 packets (2.8 g each). K/orvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules— packages of 1000 packets; K/orvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 


Dorsey 


Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 
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Summary Of Prescribing Information 


Indications: Based on a review of this drug by The 
National Academy of Scences— National Re- 
search Council and/or other information. FDA has 
classified the indications as follows: 

"Probably" effective: The chewable dosage form 


of SORBITRATE is indicated for the treatment of 
acute anginal attacks and for prophylaxis in situa- 
tions likely to provoke such attacks. 

Final classification of the less-than-effective indi- 
cations requires further investigation. 





Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during 
the early days of the acute phase of myocardial infarction 
are insufficient to establish safety. 

Precautions: Tolerance and cross tolerance to other 


nitrates may occur 

Adverse Reactions: Headache which may be severe 
and persistent. Lowering the dose and using analgesics 
will help control the headaches which usually diminish 
or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension: individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/or 
exfoliative dermatitis. 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine. histamine and other 
agents. 


Dosage and Administration: !ndividual Dose: To mini- 
mize hypotensive responses, which may occasionally be 








severewith chewable doses as low as 5 mg., the Mur 
effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. | 
Dosage Schedule: Smallest effective dose ESS : 
the prevention and treatment of pain of an angina attack. 
CHEWABLE SORBITRATE® (isosorbide dinitrate) may 
be taken for prompt relief of angina pain three or four 
times daily Although the onset and duration of effect. 
of coronary nitrates may vary, following is the gener- 
ally reported range of these values for CHEWABLE 
SORBITRATE 

Onsetof Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, DE 19897 
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CLINICAL STUDIES 


Effect of Coronary Collateral Vessels on Regional Myocardial Blood Flow in Patients With Coronary 
Artery Disease. Relation of Collateral Circulation to Vasodilatory Reserve and Left Ventricular 
Function 


PETER F. COHN, DENIS E. MADDOX, B. LEONARD HOLMAN and JACKIE R. SEE 


Using the xenon-133 technique to evaluate the effect of radiographically graded coronary collateral channels- 
on regional myocardial blood flow at rest and during contrast agent-induced hyperemia in 24 patients with coro- | 
nary artery disease, these investigators found a difference between the vasodilatory reserve of well developed 
collateral channels and that of lesser grade collateral channels. However, high grade noncompromised collateral 
vessels do not appear to have a beneficial effect on resting left ventricular function despite their enhanced vaso- 
dilatory reserve. A useful approach to understanding the physiology of these vessels may be to subgroup them 
according to radiographic adequacy, as done in this study. 


365 Effect of Coronary Collateral Circulation on Regional Myocardial Perfusion Assessed With 
Quantitative Thallium-201 Scintigraphy 


BRUCE C. BERGER, DENNY D. WATSON, GEORGE J. TAYLOR, LAWRENCE R. BURWELL, 
RANDOLPH P. MARTIN and GEORGE A. BELLER 


Using quantitative thallium-20 1 scintigraphy to assess noninvasively the effect of collateral vessels on regional 
myocardial perfusion at rest and after exercise stress, this study that demonstrates collateral vessels did not sig- 
nificantly influence thallium uptake patterns in segments associated with electrocardiographic Q waves. The fre- 
quent occurrence of redistribution of thallium at rest in presumed infarcted regions demonstrating Q waves 
suggests the presence of some viable but hypoperfused myocardium in the vicinity of the scar. In segments with- 
out Q waves, thallium uptake was more frequently abnormal in segments with than in segments without collater- 
al vessels. Coronary collateral vessels indicate severe coronary arterial obstruction and do not protect against 
exercise-induced hypoperfusion or affect the occurrence of redistribution. Nonjeopardized collateral vessels ap- 
pear to augment perfusion at rest in some segments to the degree that normal thallium uptake at rest is ob- 
served. 


371 Value of Maximal Exercise Tests in Risk Assessment of Primary Coronary Heart Disease Events in 
Healthy Men. Five Years' Experience of the Seattle Heart Watch Study 


ROBERT A. BRUCE, TIMOTHY A. DeROUEN and KENNETH F. HOSSACK 


Two percent of 2,365 clinically healthy men who participated in the exercise testing unit of the Seattle Heart 
Watch experienced primary coronary heart disease events over a follow-up period of 5.6 + 1.4 years. The fol- 
lowing four variables obtained from the response to symptom-limited maximal exercise testing were significant- 
ly associated with subsequent primary coronary heart disease events: (1) chest pain during maximal exertion, 
(2) duration of exercise less than 6 minutes with the Bruce protocol, (3) failure to attain at least 90 percent of the 
age-predicted maximal heart rate, and (4) ischemic S-T segment depression. On the basis of this study these in- 
vestigators suggest that exercise testing in asymptomatic healthy men with a negative personal history, normal 
physical examination and normal 12 lead electrocardiographic examination be limited to those who also have 
conventional risk factors. 


Continued on page A16 





Theright ingredients 
for antihypertensive 
harmony 





Attuned to patient needs 


Administered concomitantly, 
Apresoline plus a beta blocker and 
diuretic constitute a harmoniously bal- 
anced therapeutic regimen— both from 
the standpoint of their antihypertensive 
properties and side effects. 

As a vasodilator, Apresoline corrects 
the arteriolar vasoconstriction almost 
invariably present in long-standing 
hypertension. On the other hand, beta 
blockers specifically lower heart rate 
and cardiac output, which tend to rise 
through reflex action with vasodilation. 
The diuretic compensates for the ten- 
dency of vasodilators to retain sodium 
and extracellular fluid. 


After a diuretic... 






EN 5 5 n 
MMBC SO Lo od 


Fewer discordant side effects 


Apresoline avoids many of the 
problems associated with some adrenergic 
inhibitors. Sexual dysfunction, drowsi- 
ness, lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 

As with any antihypertensive agent, 
use with caution in patients with ad- 
vanced renal damage. Contraindicated 
in coronary artery disease. 
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Apresoline? hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic neart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
Cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete blood counts, L.E. cell preparations, and 
antinuciear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine 


| Use MAO inhibitors with caution in patients receiv- 


ing hydralazine. 
When cther potent parenteral antihypertensive 


| drugs, such as diazoxide, are used in combination 
' with hydralazine, patients should be continuously 


observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 


Usage in Pregnancy 

Animal studies indicate that hydralazine is: 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. AI- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus. 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of 
myocardial ischemia, The drug nas been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease 

The "hyperdynamic' circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrime. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic biocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 


In hypertensive patients with normal kidneys who 


are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration, However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop 4 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. ITE) : 


* 
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Extends 


The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-*ype reactions (including bronchial asthma) 
in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
some cases it may be necessary to discontinue the 
drug. 

Commoa Headache; palpitations; anorexia; 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris 

Less frequent: Nasal congestion; flushing; lacrima- 
tion; cor junctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema; - 
dizziness; tremors, muscle cramps; psychotic reac- 
tions characterized by depression, diserientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea; paralytic ileus; 
lymphadenopathy; splenomegaly; blood dys- 
Crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura hypotension; paradoxical pressor 
response. 

DOSAGE AND ADMINISTRATION 

Imtiate therapy in gradually increasing dosages; 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 

The incidence of toxic reactions, particularly the 
LE. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline 
daily méy be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 


the lowest possible therapeutic dose of each drug. 


665115 CB0-15 (1/80) 
Consult complete product literature before 
prescribing. | 


CIBA Pharmaceutical Company 
D'vision of CIBA-GEIGY Corporation 
Summit. New Jersey 07901 


| the advantages 
of a beta-blocker/diuretic 
|  . regimen. 
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IL new books 





that Set to the heart 


of the matter 





Cardiac 
Arrhythmias 


Their Mechanism, Diagnosis and 
Management 


William J. Mandel, M.D. 
54 contributors 


Multi-authored by international experts, this text presents a 
contemporary view of all clinically significant areas of arrhythmia 
diagnosis and management. All facets of a fast-moving field are 
presented: anatomy, electrophysiology, pharmacokinetics, 
cardioversion, pacing and conduction studies. Includes the 
newest information on common arrhythmias—with emphasis on 
new modes of recognition and management—and a detailed 
chapter on ambulatory monitoring. 666 pages / 526 illustrations / 
65-02983 / in prep. 


Cardiac Diagnosis 


and Treatment, 3rd Edition 


By Noble O. Fowler, M.D., F.A.C.P., F.A.C.C. 
22 contributors 


This landmark guide to the understanding of the pathologic 
physiology, clinical features, diagnosis and current management 
of cardiac disorders is newly updated and expanded. 61 definitive 
chapters, including new chapters on echocardiography, 
myocardial metabolism, nuclear cardiology, physical examination 
of the cardiac patient, aging and the circulation, mitral valve 
prolapse, obstructive cardiomyopathy, and clinical pharmacology 
of selected cardiovascular drugs. Major expansions on 
hypertensive disease, hyperlipidemic states; new advances in 
therapy, sector scanning. 1,278 pages / 791 illustrations / 

3rd edition / 14-08186 / $67.50 





Introduction 
to Cardiology 


By Robert H. Eich, M.D. 
8 contributors 


Based on 20 years’ experience in the teaching of core cardiology 
to medical students and house officers, this book provides 
information basic to the study of cardiology. It is designed to be 
read as an overview by the student, who then can follow up 
selected topics in detail in the standard textbooks of cardiology. 
For the student or house officer, it supplies a readable and 
concise source of basic knowledge of a complex subject. 304 
pages / 51 illustrations / 12 tables / 24 color figures on 2 plates / 
flexible binding / 14-07709 / in prep. 


Electrocardiography 


Practical Applications with 
Vectorial Principles, 2nd Edition 
Edward K. Chung, M.D., F.A.C.P., F.A.C.C. 


This significant text has been expanded and revised to include 
every known common electrocardiographic abnormality and 
cardiac arrhythmia encountered in daily practice. Major 
revisions: Wolff-Parkinson-White syndrome and management of 
cardiac arrhythmias. New chapters: His Bundle, Hoiter Monitor 
and Exercise Electrocardiography; Sick Sinus Syndrome; Brady- 
Tachyarrhythmia Syndrome and ECG Abnormalities in Electrolyte 
Imbalance. ''... a powerful teaching instrument." (Chest.) ‘‘Well- 
organized and complete . . . of value at all levels of expertise." 
(Mayo Clinic Proceedings.) 675 pages / 686 illustrations / 2nd 
edition / 1980 / 14-06420 / $42.50 




















| Lippincott/Harper ¢ East Washington Square | 


P.O. Box 1430 * Philadelphia, PA 19105 


In Canada, distributed by: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me the following: 


O Cardiac Arrhythmias (65-02983) ............sssusuess in prep. 
O Cardiac Diagnosis and Treatment, 3/e (14-08186) ..... $67.50 
O Introduction to Cardiology (14-07709) .............. in prep. 
O Electrocardiography, 2/e (14-06420) ................ $42.50 
Name 

Address 

City/State/Zip 


O Payment enclosed* (save postage & handling) 
O Charge & bill me (plus postage & handling) 
O Master Charge 


i vieaL i rji pL Ài"La pl 154-47, eee 


Date 
Also available at your medical bookstore. 


*The law requires that we collect state sales taxes where applicable. 


LÀ oy, 
Lippincott/Harper ::::"'"'"7*7-Á 
Prices subject to change without notice. 
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Clinical Utility of Two Dimensional Echocardiography in Infective Endocarditis 


RANDOLPH P. MARTIN, RICHARD S. MELTZER, B. L. CHIA, EDWARD B. STINSON, 
HARRY RAKOWSKI and RICHARD L. POPP 


This retrospective analysis of 58 patients with clinically suspected infective endocarditis suggests a reluctance 
by the original interpreters of M mode studies to label vegetations or intracardiac masses as an isolated diagnos- 
tic category. In contrast, the two dimensional studies were usually interpreted as definitely showing a mass with- 
in the heart or as showing an abnormality suggestive of a mass attached to a valve. Two dimensional echocardi- 
ography appears superior to M mode echocardiography in yielding a confident identification of the presence of 
an infective mass within the heart, especially masses located in the recesses of the valve or near the commis- 
sures. The recognition of these masses is an important aid in clinical management but their presence in itself 
does not require surgical intervention or predict the ultimate course of the patient. Half of the patients with an in- 
tracardiac mass on two dimensional study could be initially treated medically. 


Apparent Asymmeiric Septal Hypertrophy Due to Angled Interventricular Septum 


ROBERT E. FOWLES, RANDOLPH P. MARTIN and RICHARD L. POPP 


This paper reports a distinct geometric pattern observed in 20 of 36 subjects whose M mode echocardiogram 
indicated asymmetric septal hypertrophy (septal/posterior wall thickness ratio 1.3 or greater) but whose two di- 
mensional sector scan showed a normal interventricular septum. In these cases the thickness of the septum is 
exaggerated in the M mode echocardiogram (ratio less than 1.3) by its oblique orientation relative to the path of 
the single dimensional echocardiographic beam. Measurement of the angle between the mid line axis of the aor- 
tic root and that of the septum indicated the anterior direction of the septum. In patients with apparent asymmet- 
ric septal hypertrophy this angle was lower (97° + 2.6°) than in patients with true asymmetric septal hypertro- 
phy (124° + 2.9°) or in normal subjects (128° + 1.9°). Two dimensional echocardiography is helpful in ob- 
taining a more secure diagnosis of asymmetric septal hypertrophy in certain patients. 


Open Chest Defibrillation During Cardiac Surgery: Energy and Current Requirements 


RICHARD E. KERBER, JAMES CARTER, SANFORD KLEIN, JOSEPH GRAYZEL and JEFFREY KENNEDY 


The main results of this investigation to define the optimal energy and current for open chest defibrillation of 
human hearts during cardiac surgery in 202 patients are as follows: (1) An initial energy dose of 10 to 20 joules, 
repeated once if necessary, is adequate to defibrillate more than 90 percent of hearts during such open ches: 
cardiac surgery; 5 joule shocks are less effective. (2) The current requirements vary at least fourfold (8 to 34 am- 
peres). (3) Shock-induced myocardial necrosis can occur after direct epicardial defibrillation in human beings. 
but probably requires multiple high energy shocks. Human hearts are easier to defibrillate than animal hearts. 
Initial shocks greater than 20 joules are unnecessary and expose the patient to greater risk of cardiac damage 
from excessive energy. 


EXPERIMENTAL STUDIES 


Preservation of Myocardial Compliance and Reversal of Contracture (‘‘Stone Heart") During Ischemic 
Arrest by Applied Intermittent Ventricular Stretch 


J. DAVID OGILBY and CARL S. APSTEIN 


During ischemic arrest intermittent myocardial stretch of isolated rabbit hearts with a fluid-filled left ventricular 
balloon prevented a decrease in diastolic compliance without decreasing recovery of contractile function. The 
intermittent stretch probably ruptured the rigor or contracture bonds that form between actin and myosin during 
prolonged ischemia when the intracellular adenosine triphosphate concentration falls below a critical level and 
the contracture process itself further accelerates the hydrolysis of adenosine triphosphate. The intermittent 
stretch did not affect lactate metabolism or myocardial edema. These results suggest the application of direct 
mechanical stretch may warrant a clinical trial in preventing the severe ischemic contracture of the ‘‘stone 
heart" syndrome during cardiac surgery. 


Continued on page A21 
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Selectively Increases 


® 
Myocardial Contractility rex 
with Consistent : 
Hemodynamic Improvements Dobutamine HCI 


For I.V. Injection 
250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. s 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies. have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
. Patients with preexisting hypertension ap- 

pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. in addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex* (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncreased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longer-Term Safety—Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 59e. Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
.periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drug Daly iac Bate Re Os 
Rate 250 mcg/mi* 500 mcg/ml* 1000 mcg/ml 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
4:5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 

+500 mg per liter or 250 mg per 500 ml of diluent 

11000 mg per liter or 250 mg per 250 ml of diluent 

- The rate-of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood ‘pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 


S m, the profession on reques!. 
Eli Lilly and Company 


Indianapolis, Indiana 46206* 
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You Know t the Burdick EK-8 
records a complete 12-lead ECG 
automatically...in tess than 
38 seconds. 

That's impressive in a 
single-channel cardiograph. 

But there's another important 
part to the EK-8 story. 

The EK-8 was designed to 
save physician and staff time. And 
while it makes good sense to save 
time recording the ECG, think of 
the additional time-saving benefits 
when you can mount and file the 
ECG in less time than it takes to 
record the 12-lead tracing. 
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If you think the EK-8 


is a fast recorder, 
see how it saves mounting time! 
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That's WAY the EK- 8 fast 
mounting system is important to 
you. The answer is in our unique 
card and folder-format mounts. 
When the ECG is recorded, the 
technician takes the complete 
tracing, with each lead already 
clearly marked, and quickly 
positions it on the pressure- 
sensitive card or folder-format 
mount. No die-cutting. No pasting 
or taping. Its ready for filing. 

It can take less than a minute to 
record and mount the ECG. 

The Burdick mounting system. 
Because the ECG isn't complete 
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until the vertens s done. 

Find out how the EK-8 can 
increase your ECG productivity... 
from start to finish. Call or write 
The Burdick Corporation, 

Milton, Wisconsin 53563. 


Emm lo!l-iree 800-356-0701 
Dj In Wisconsin 608-868-763 


BURDICK 
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405 Platelet Trapping in Myocardial Infarct in Baboons: Therapeutic Effect of Aspirin 


WOLFGANG RUF, J. JUDSON McNAMARA, ANTHONY SUEHIRO, GLENN SUEHIRO and 
SAMUEL A. WICKLINE 


These studies in 16 baboons show that pretreatment with aspirin can significantly reduce the platelet trapping 
that occurs at the margins of myocardial infarcts experimentally produced in the primates. 


413 Differentiation Between Reperfusion and Occlusion Myocardial Necrosis With Technetium-99m 
Pyrophosphate Scans 


ROBERT LONG, JIM SYMES, JEAN ALLARD, TOM BURDON, ROBERT LISBONA, ISTVAN HUTTNER 
and ALLAN SNIDERMAN 


This experimental dog study confirms that infarct-avid myocardial scans using technetium-99m pyrophosphate 
become positive much earlier with reperfusion than with occlusion necrosis. With necrosis due to permanent 
occlusion, scans were usually negative 6 hours after the onset of ischemia, whereas with reperfusion necrosis 
they were positive at this time. Occlusion necrosis and reperfusion necrosis in this dog model also differ in histo- 
logic appearance and electrocardiographic evolution. The infarct-avid scan can apparently be used to recognize 
myocardial injury and to define its type. Although it remains to be proved that these findings can be extrapolated 
to human subjects, these results suggest that the myocardial infarction associated with human atherosclerosis 
may consist of two distinct components—occlusion coagulation necrosis occurring in a central area that is then 
surrounded by a marginal area of reperfusion necrosis. 


METHODS 


419 Determination of Cardiac Output by Thermodilution During Hypothermia 
SCOT H. MERRICK, EUGENE A. HESSEL II and DAVID H. DILLARD 


This study confirms close agreement between thermodilution and electromagnetic flowmeter cardiac output de- 
terminations in the normothermic dog and reproducibility of the thermodilution method to within 5 percent. Ther- 
modilution curves obtained during cooling or rewarming must be corrected for the baseline drift caused by 
changing core temperature. The thermodilution method appears to be a valid method for use during hypothermia, 
although there are some reservations about its reliability at very low body temperatures. Clinical confirmation 
of these results, particularly during open heart surgery in infants, is warranted. 


423 Gated Radionuclide Angiographic Evaluation of Valve Regurgitation 
EDWARD W. BOUGH, ELAN J. GANDSMAN, DAVID L. NORTH and RICHARD S. SHULMAN 


This study in 22 patients with aortic or mitral regurgitation showed excellent correlation between the stroke vol- 
ume ratio determined with gated radionuclide angiography and with standard quantitative catheterization meth- 
ods and good correlation with data obtained with semiquantitative aortic root or left ventricular cineangiography. 
Twenty-one patients had an abnormally elevated stroke volume ratio as assessed with gated radionuclide angi- 
ography, suggesting the method may be useful in detecting or excluding hemodynamically significant valve 
regurgitation. This method should allow more accurate definition of the natural history and surgical therapy of 
acute and chronic regurgitant valve disease and congenital heart disease. Its usefulness is limited in patients 
with right ventricular volume overload, widely varying R-R intervals or regurgitancy of both left heart valves. 


PEDIATRIC CARDIOLOGY 


429 Use of Hancock Porcine Xenografts in Children and Adolescents 


STEPHEN P. SANDERS, ROBERT J. LEVY, MICHAEL D. FREED, WILLIAM I. NORWOOD and 
ALDO R. CASTANEDA 


Despite excellent long-term results in adult patients, early failure of xenografts implanted in children has been 
observed in increasing and alarming numbers. In this series of 47 implanted xenografts 8 (6 mitral, 1 aortic and 
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Because we specialize, you can cathe- 
terize better. Easier handling, faster, more 
accurate placement are the direct results 
of being able to choose from an extensive 
line of innovative Elecath designs. 


Elecath offers you: 
Temporary Pacing Without Fluoroscopy 
e Emergency Transthoracic Pacing Kits 
e Balectrode" Balloon-Guided Flow- 
Directed Pacing Kits 
e Torkfloat ™ Semi-Floating Pacing Kits 


Temporary Pacing With Fluoroscopy 
e Torkpace " Standard Pervenous Probes 
e HIS Bundle Probes 


The choice is yours and it's an excellent 
one when you select Elecath. To aid you in 
your selection, please write us for copies 
of our new detailed literature. 





| Elecath. 
Your Best Resource For 
Innovative Cardiovascular 
Technology. 





Complete kits put everything 
you need at your fingertips, for 
quicker, surer placement. 


For example, our Balectrode* 

Sterile Kit includes: 

e 3F or 5F Balectrode Bipolar 
Balloon Pacing Probe 

e Vented disposable syringe for 
balloon inflation 


e Introducing assembly for per- 
cutaneous insertion of probe 
e EKG adapter to connect probe 
to electrocardiograph during 

placement procedures 


qn 
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ELECAT! 


ELECTRO-CATHETER CORPORATION 
2100 Felver Court, 

Rahway, New Jersey,07065,U.S.A. 

For the name of your nearest distributor, 

call: (800) 526-4243. In N.J. (201) 382-5600 
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A complete family of precision cardiac 
catheters for all of your hemodynamic 
monitoring and temporary pacing needs.. 
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. Lopressor 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree. cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 

Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
- tiously. Both digitalis and metoprolol slow AV 

E conduction 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
- or symptom of impending cardiac failure, patients 
- should be fully digitalized and/or be given a diuretic 
- and the response observed closely. If cardiac fail- 
à 





— ure continues, despite adequate digitalization and 
- diuretic, Lopressor therapy should be withdrawn. 


_ Ischemic Heart Disease: Following abrupt cessa- 

| tion of therapy with certain beta-blocking agents. 
exacerbations of angina pectoris and, in some 

' cases, myocardial infarction have been reported 

Even in the absence of overt angina pectoris, when 

— discontinuing therapy, Lopressor should not be 

- withdrawn abruptly, and patients should be cau- 

-. tioned against interruption of therapy without the 

physician's advice. 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 

_ GENERAL NOT RECEIVE BETA BLOCKERS. 

. Because of its relative beta, selectivity, how- 

. ever, Lopressor may be used with caution in pa- 
_ tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 











Still the most 
significant clinical 
advance in 
beta-blocker 


-antihypertensive 
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tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It shouid be noted, how- 
ever, that the impaired ability cf the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g.. tachycar- 
dia) and may potentiate insulin-imduced hypo- 
glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic biockade may 
mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholarnine-depleting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or-marked bradycar- 
dia which may produce vertigo, syncope. or 
postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below oral doses of 105 

mg kg per day Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals There was no in- 
crease in Malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
Is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 


Nursing Mothers: It is not known whether this drug 
IS excreted in human milk, Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


LOPRESSOR 


metoprolol tartrate 
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Usage in Children: Safety and effectiveness in 
children have not been established. 


Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares. and insomnia have also 
deen reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea. gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
700 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscelianeous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition. a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
Dances: hallucinations; an acute reversible syn- 
arome characterized by disorientation for time and 
place. short-term memory loss. emotional lability, 
siightly Clouded sensorium. and decreased per- 
formance on neuropsychometrics. 
Cardiovascular: Intensification of AV block (see 
Contraindications). 

Rematalogic: Agranulocytosis. nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 

Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase. alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
Should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. SERE AE above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especialy when lower dosages are used. will expe- 
rence a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
nd of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 
This drug should be stored at controlled room tem- 
perature and protected from moisture. 
Hew Supplied Tablets of 50 mg (capsule-shaped. 
scored. light red, film-coated) and 100 mg 
(capsule-shaped. scored, light blue, film-coated) 
are supplied in bottles of 100 and 1.000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
fram moisture. 


Dispense in tight, light-resistant container (USP). 
667292 C79-22 (8/79) 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley. New York 10502 


Geigy 


326-2488-A 
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1 left atrioventricular valve) failed 32 to 68 months after implantation and required replacement. Four became 
severely stenotic, cusp rupture caused severe mitral regurgitation in the other four and various degrees of calci- 
fication occurred in all eight. High levels of ^y-carboxyglutamic acid (GLA), a calcium-binding amino acid, were 
found in the six calcified xenografts analyzed but not in the fresh porcine aortic valve or in an unimplanted xeno- 
graft. These results suggest that GLA-containing protein, laid down after implantation, may play a role in xeno- 
graft calcification. 


439  Univentricular Heart of Right Ventricular Type: Clinical, Angiographic and Electrocardiographic 
Features 


ELLIOT A. SHINEBOURNE, KAI-CHIU LAU, GIUSEPPE CALCATERRA and ROBERT H. ANDERSON 


A univentricular heart is one in which both atrioventricular (A-V) connections (or a sole connection) are commit- 
ted to one ventricular chamber and in which any other chamber present within the ventricular mass is considered 
rudimentary because it lacks an A-V connection. This paper presents the sequential chamber analysis and angi- 
ographic, hemodynamic and clinical features found retrospectively in 18 such univentricular hearts of the right 
ventricular type. This anomaly can exist with all forms of atrial situs and with a variety of ventricular connections. 
Clinical recognition before cardiac catheterization is difficult. This anomaly should be strongly suspected when 
the electrocardiogram shows the pattern of right ventricular hypertrophy. For accurate diagnosis angiographic 
demonstration of a posterior rudimentary chamber in addition to the main chamber of right ventricular trabecular 
pattern is mandatory. Hearts with a morphologic configuration of the right ventricular type may have a double 
inlet ventricle or absence of the right or left A-V connection. 


446  Electrophysiologic Characteristics of Sustained Ventricular Tachycardia Occurring After Repair of 
Tetralogy of Fallot 


LEONARD N. HOROWITZ, VICTORIA L. VETTER, ALDEN H. HARKEN and MARK E. JOSEPHSON 


This study described electrophysiologic data obtained in four patients who manifested sustained ventricular 
tachycardia after repair of tetralogy of Fallot. These observations suggested a reentrant mechanism in which the 
site of origin was the right ventricular outflow tract. In two patients no pharmacologic or pacing regimens pre- 
vented recurrent spontaneous episodes of ventricular tachycardia and surgery was performed to resect the site 
of origin of the tachycardia and to prevent subsequent episodes. In these two patients intraoperative mapping 
showed that the reentrant circuit originated at the site of the healed right ventriculotomy site. Ventriculotomy, 
myocardial resection and subsequent scarring may provide the electrophysiologic milieu of slow conduction and 
block that predisposes toward the development of reentrant arrhythmias. 


REPORTS ON THERAPY 


453 Large Dose Procainamide Therapy for Ventricular Tachycardia 
ALLAN M. GREENSPAN, LEONARD N. HOROWITZ, SCOTT R. SPIELMAN and MARK E. JOSEPHSON 


Using programmed ventricular stimulation to assess the effectiveness of procainamide administered in large 
doses (500 to 1,500 mg orally every 4 hours) in treating 16 patients with recurrent sustained ventricular tachy- 
cardia and ventricular fibrillation, these investigators conclude that such therapy is effective in the treatment of 
recurrent inducible ventricular tachyarrhythmia, and that the improved efficacy over small dose therapy may be 
achieved without an increased incidence of toxic side effects. In all 16 patients drug efficacy acutely correlated 
with specific plasma drug levels which averaged 13.6 + 8.6 ug/ml. Manifestations of acute toxicity were not ob- 
served; chronic toxicity was limited to gastrointestinal disturbances in two and drug-induced lupus erythemato- 
sus in four. Large dose procainamide therapy with electrophysiologic drug testing is an important therapeutic al- 
ternative to treatment with experimental antiarrhythmic agents, pacemakers or surgery for these arrhythmias, 
but should probably be applied only with continuous monitoring in an intensive care unit equipped for invasive 
procedures or with the availability of an experienced electrophysiologic laboratory, or both. 


Continued on page A31 


rhaps never before has there been a pacing system 
SC o responsive to your needs. 


With six programmable parameters (including am- 
plitude as high as 10 V) and the Vario® function, the 
poe 668 generator offers more than 30,000 op- 
erating combinations. 
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THE COMPLETE MULTIPURPOSE 


PACING SYSTEM 


THE MULTIPROGRAMMABLE PULSE GENERATOR 668. 
FROM SIEMENS-ELEMA—THE PEOPLE WHO PIONEERED 
THE FIRST IMPLANTABLE PACEMAKER IN 1958. 
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operation, can 
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culties often associated with conventional electrode 
materials. 


All this, coupled with Siemens-Elema's superb record 
of reliability, suggests that the 668 pulse generator 
used with the Type 29 carbon-tip lead truly defines the 
state of the art. 


Please write for specifications and clinical data. 


SIEMENS-ELEMA 


Siemens-Elema Pacemaker Systems, Div. of Elema-Schonander, In 
1600 Jarvis Avenue, Elk Grove Village, IL 60007; (312) 981-4910 
World Headquarters, Pacemaker Division, S-171 95 Solna, Sweden 
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For the special needs 
of patients with hard, dry stools 


SENOKOT-S 


(standardized senna concentrate T. blets 
and dioctyl sodium sulfosuccinate) d 
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| the "S" stands for softener 
| For patients with hard, dry stools Provides DSS, the classic stool softener 
Hard, dry stools hurt, and may be hazardous DSS in SENOKOT-S Tablets complements the 
by causing straining. SENOKOT-S Tablets offer laxative effect of standardized senna concentrate 
comfortable relief by softening the stool and by “moistening” and softening the stool for 
stimulating its movement. smoother and easier passage. 
Provides standardized senna concentrate, Comfortable overnicht action 
a Clinically established laxative of choice With DSS and standardized senna concentrate, 
Standardized senna concentrate is a gentle, SENOKOT-S Tablets provide both softness and 
effective neuroperistaltic stimulant with documented. stimulation for constipated patients with hard, dry 
effectiveness in thousands of patients. Its virtually stools. Taken at bedtime, SENOKOT-S Tablets 
colon-specific, gentle, predictable action is generally usually induce predictable, comfortable evacuation 
free of side effects at proper dosage levels. the next morning. 
Purdue Frederick 
© Copyright 1979, The Purdue Frederick Company / Norwalk, CT 06856 
B9117 213779 
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463 Antiarrhythmic Efficacy, Pharmacokinetics and Safety of N-Acetylprocainamide in Human Subje 
Comparison With Procainamide 


DAN M. RODEN, STOTS B. REELE, STANLEY B. HIGGINS, GRANT R. WILKINSON, RAPHAEL F 
SMITH, JOHN A. OATES and RAYMOND L. WOOSLEY 


Acecainide, the major metabolite of procainamide, allows practical long-term therapy, proved effective i 
set of 23 patients with drug-resistant ventricular arrhythmias and is less likely to induce the lupus syndror 
with procainamide. Its mean therapeutic plasma concentration was 14.3 ug (range 9.4 to 19.5); the to 
centration was 22.5 ug/ml (range 10.6 to 37.9). Its mean half-life of elimination after a single 500 mg d 
7.5 hours; large doses prolonged it significantly to 10.3 hours. The different electrophysiologic effects of 
nide from those of procainamide in tissue and animal models may explain the lack of correlation betw 
antiarrhythmic activity of these two agents. 


469 Effects of Disopyramide on Systemic and Coronary Hemodynamics and Myocardial Metabolism 
Patients With Coronary Artery Disease: Comparison With Lidocaine 


VOLKER KOTTER, THOMAS LINDERER and ROLF SCHRODER 


Intravenously administered disopyramide in 10 patients with advanced coronary artery disease increa 
stolic and mean arterial pressures significantly because of its vasoconstrictive properties and decreased 
index. After lidocaine no changes in hemodynamic variables were noted. Disopyramide revealed pate 
nary constrictive activity, whereas lidocaine was a mild coronary vasodilator. The patent coronary con 
activity of intravenous disopyramide in the presence of increased myocardial oxygen need may be ha 
in specific clinical situations and its use in such circumstances needs further study. 


476  Hemodynamic Effects of Nifedipine in Congestive Heart Failure 


SHINSAKU MATSUMOTO, TAKASHI ITO, TOSHIKATSU SADA, MASANA TAKAHASHI, KAN-MIN 
AKIRA UEDA, FUJIKO OKABE, MICHIYOSHI SATO, IMAO SEKINE and YOSHIO ITO 


Nifedipine administered in a single sublingual dose of 20 mg to eight patients with mild to moderate coi 
heart failure increased the heart rate from 73.3 + 3.2 to 80.9 + 2.1 beats/min, cardiac index from 3.51 
to 4.06 + 0.31 liters/min per m? and decreased arterial blood pressure from a mean of 84.9 + 4.0 to 76 
mm Hg and total systemic vascular resistance from 15.6 + 1.0 to 12.4 + 0.8 units. These data sugges 
fedipine improves cardiac performance in patients with congestive heart failure by reducing left ventri 
terload while maintaining adequate preload. These properties suggest it may be useful for long-term vas 
in patients with congestive heart failure. 


481 Effect of Long-Term Oral Digoxin Therapy on Ventricular Function at Rest and Peak Exercise in 
Patients With Ischemic Heart Disease. Assessment With Equilibrium Gated Blood Pool Imaging 


BRIAN G. FIRTH, GREGORY J. DEHMER, JAMES R. CORBETT, SAMUEL E. LEWIS, 
ROBERT W. PARKEY and JAMES T. WILLERSON 


Long-term digoxin therapy in 14 patients with stable ischemic heart disease improved ventricular fur 
peak exercise in patients with well preserved left ventricular function. It caused neither a significant del 
effect on the nonfailing heart nor a significant change jn left ventricular function at rest. These results 
the positive inotropic effects of long-term digoxin therapy in patients with ischemic heart disease are mc 
ily demonstrable when left ventricular function is well preserved and the myocardium is not extensively c 
than when there is evidence of extensive, severe ventricular dysfunction. The degree of improvement in 
ular function depends on the relative quantities of well preserved and extensively damaged ventricular | 


REVIEWS 


491 Implications of Probability Analysis on the Strategy Used for Noninvasive Detection of Coronary 
Artery Disease. Role of Single or Combined Use of Exercise Electrocardiographic Testing, 
Radionuclide Cineangiography and Myocardial Perfusion Imaging 


STEPHEN E. EPSTEIN 


This review outlines the cardiovascular implications of Bayes’ theorem on the limits of reliability of a li 
perfect diagnostic test. This theorem, promulgated in 1763, states that, although the reliability of a less t 
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SE I|] IHAN BAYER FOR 
CASTRIC TOLERANCE IN A 
SERIES OF 14-DAY STUDIES 


At two-tablet doses q.i.d. (twice the level appropriate 
for TIA) in a particular series of 14-day gastric tolerance 
studies utilizing a crossover design among 182 normal 
subjects, 49% suffered gastric upset from Bayer? 
Aspirin. Most of these reacting subjects took Bufferin 
without discomfort. 


There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have 
had transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective in 
reducing TIAS in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms of 
TIAs should have a complete medical and neuro- 
logic evaluation. Consideration should be given 
to other disorders which resemble TIAS. 

It is important to evaluate and treat, if appro- 
priate, other diseases associated with TIAS and 
stroke such as hypertension and diabetes. 


The recommended Bufferin® dosage for TIA is 1296 


mg. a day (648 mg. twice a day or 324 mg, 
four times a day). 


FOR ANALGESIA BUFFERIN 
IS BETTER THAN ASCRIPTIN 
FOR RAPID ABSORPTION 


In a second recent study, the absorption characteris- 
tics of Bufferin were compared with Ascriptin® (aspirin 
325 mg., magnesium-aluminum hydroxide 150 mg.). 
Dissolution rates were significantly faster with Bufferin, 
and plasma levels were significantly higher than with 
Ascriptin at 20 minutes. 


BUFFERIN: A BETTER WAY 

TO TAKE ASPIRIN WHEN 
LONG-TERM USE IS ADVISED 
For full aspirin benefits, plus excellent gastric tolerance 
and rapid absorption, your patients deserve Bufferin: 
the daily dosage aspirin. 

For complimentary samples of Bufferin, please write: 
Bufferin, PO. Box 65, Elizabeth, New Jersey 07207. 


Composition: Each Bufferin tablet contains aspirin 324 mg. and the 
antacid Di-Alminate® (Bristol-Myers’ brand of Aluminum Glycinate 
48.6 mg. and Magnesium Carbonate 97.2 mg.). © 1980, Bristol-Myers Co. 
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TM 
I. Figurelisapre-stress CKG (Cardiokymo- 

graph) tracing of the left ventricle (V3 posi- 
tion), it demonstrates: 

O A. normal systolic inward motion 

O B. midsystolic bulging 

O C. holosystolic outward motion 

O D. other 


Il. Figure 2is a two minute post-stress CKG 
(Cardiokymograph) tracing of the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

LJ A. normal systolic inward motion 
O B. midsystolic bulging 

LJ C. holosystolic outward motion 
[] D. other 


III. Figure 3isa thirty minute post-stress rest- 
ing CKG (Cardiokymograph) tracing of the 
left ventricle (V3 position), on the same 
patient, demonstrating: 

O A. normal systolic inward motion 
O B. midsystolic bulging 

O C. holosystolic outward motion 
[] D. other 


| 
PCG wi | 
| | 





E jection Ejection 


IV. Figures 1,2 and 3, taken together, 
demonstrate: 
O A. stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 


V. According to recently publishedo data, the 
CKG (Cardiokymograph) stress test is: 
LJ A. 98% sensitive — 9896 specific 
O B. 5996 sensitive — 6996 specific 
L] C. 7496 sensitive— 9596 specific 
O D. 4096 sensitive — 6096 specific 
VL Figure 4is a photograph of: 
L] A. CKG/700 (Cardickymograph) 
L] B. anoninvasive device that provides an 
analog representation of wall motion 
O C. alow cost, simple device to be used in 
conjunction with stress testing to enhance 
diagnostic accuracy 
O D. allofthe above 


REFERENCE 
(1)Silverberg RA, Diamond C A, Vas R, Tzivoni D, Swan HJ C, 
Forrester J S: Noninvasive Diagnosis of Coronary Artery Disease 
The Cardiokymographic Stress Test, Circulation. Vol. 51, No. 3: pgs 
519-589 


™CKGisa trademark of CardiokineticsInc. *Patent Pending 


For additional bibliography call or write: 


CAT3DIOKINCGTIC 


CARDIOKINETICS INC. 
710 NINTH AVENUE NORTH 
SEATTLE, WASHINGTON 98109 


(206) 625-1155 
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fect diagnostic test is defined by the test's sensitivity and specificity, a test cannot be adequately interpreted 
without reference to the prevalence of the disease in the population under study. The predictive value of a posi- 
tive test is thus diminished to an extent that is related partly to the proportion of normal subjects in the population | 
being tested. The large discrepancy in the predictive value of exercise tests between those performed in symp- 
tomatic patients and in asymptomatic subjects is an extreme example of Bayes' theorem. Exercise electrocardi- 

ography is of little predictive value in patients whose history indicates a high pretest likelihood of coronary artery 

disease; it is of questionable value in patients with a low pretest likelihood of coronary artery disease in that a 

positive response is often falsely positive and a negative response merely confirms an already low likelihood of 

disease. The major use of multiple cardiovascular studies at present is to assess disease probability more accu- 

rately in the patient who, on clinical grounds, has an intermediate probability of disease. Attention to this con- 

ceptual approach should provide the clinician with a more rational basis for his use of noninvasive tests in the 

detection of underlying coronary artery disease. 
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500 Exercise-induced Coronary Arterial Spasm: Angiographic Demonstration, Documentation of Ischemia 
by Myocardial Scintigraphy and Results of Pharmacologic Intervention 


COLIN M. FULLER, ALBERT E. RAIZNER, ROBERT A. CHAHINE, PATRICIA NAHORMEK, 
TETSUO ISHIMORI, MARIO VERANI, ARNOLD NITISHIN, DAVID MOKOTOFF and ROBERT J. LUCHI 


In two patients with reproducible exercise-induced S-T segment elevation and angina pectoris, thallium-20 1 
scintigraphy showed areas of reversible anteroapical hypoperfusion and gated radionuclide ventriculography re- 
vealed anteroapical hypokinesia with a decrease in left ventricular ejection fraction at peak exercise. Angio- 
graphic and other data demonstrated that coronary arterial spasm may be the underlying mechanism in some 
cases of exertional angina associated with transient perfusion deficits and left ventricular dysfunction. Oral ni- 
trates may prevent the coronary arterial spasm; beta adrenergic blockade appeared to be detrimental. Phenoxy- 
benzamine, verapamil and indomethacin did not prevent exertional angina or S-T segment changes. This demon- 
stration that exercise can provoke coronary arterial spasm demands reconsideration of the pathophysiologic 
mechanism traditionally thought to underlie exercise-related angina in patients with atheromatous coronary ar- 
tery disease. In the future, if exertional ischemia is demonstrated with exercise electrocardiography and myocar- 
dial scintigraphy and the coronary arteries are arteriographically normal, exercise arteriography will be neces- 
sary. 


CASE REPORTS 


507 Atypical d-Transposition of the Great Arteries: Anterior Pulmonary Trunk 
JOSE MARIN-GARCIA and JESSE E. EDWARDS 


Review of the medical literature and the clinical, angiocardiographic and necropsy data in this rare case of an 
infant with complete transposition of the great arteries and an anteriorly lying pulmonary trunk support the view 
that this condition may rightfully be termed atypical d-transposition with anterior pulmonary trunk. In this patient 
a subpulmonary and a subaortic conus were seen in the frontal view of the right ventriculogram, and in the frontal 
and oblique views of the left ventriculogram the pulmonary trunk was seen to arise entirely from the left ven- 
tricle. 


511 Cholesterol Pericarditis Terminating as Constrictive Calcific Pericarditis. Follow-Up Study of Patient 
With 40 Year History of Disease 


ROBERT J. STANLEY, RAMIAH SUBRAMANIAN and J. T. LIE 


This 64 year old man with idiopathic cholesterol pericarditis and recurrent pericardial effusions since 1939 died 
with calcific constrictive pericarditis some 40 years later after pericardiotomy in 1958 provided 17 years of 
symptomatic relief. The authors believe the optimal treatment of cholesterol pericarditis should not be different 
from that recommended for chronic pericarditis without increased cholesterol in the pericardial effusion. Peri- 
cardiotomy will be necessary in the majority of patients. Simple aspiration or pericardiotomy usually provides 
symptomatic relief of unpredictable duration. 

Continued on page A42 
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THE TRENDSETTER™ — The top- 
of-the-line scanner for integrated ECG, 
blood pressure and pacemaker eval- 
uation, together with comprehensive 
alphanumeric/ graphic summaries. 


VIS-U-SCAN™ — The high-speed system 
that puts 24 hours of ECG in your hands 
in three minutes flat without missing 
a beat. 





SMART SCANNERS, Theres a Del Mar Avionics ECG scanner that satisfies your most exacting 


requirements — in the hospital or in your office. And a worldwide network of service 
SMART VALUES centers assures fast, professional response when you need it, where you need it. 

An outstanding Education and Training staff rounds out our commitment to 
excellence. Training courses extend the skills and knowledge of your staff in the appli- 
cation of ECG principles to Holter System data analysis. 

Our full line of smart scanners coupled with the extra services only a leader 
can provide, makes your investment in a Del Mar Avionics system a smart move. Cal! 
your local representative today. 


199/ O50A— The compac 
Holter scanning system handles the 
workload right in your office. Two 
channels of data with memory-scope 
display make it fast, flexible and 
Cas y- F0- HS, 


THE EVALUATOR™ NEW! — The middle 
Of-the-line Holter ECG scanner 
microprocessor-controlled, features 
“smart” arrhythmia analyzer. 


For more information, call any one of our Corporate Sales and Service Offices: 


ATLANTA (404) 952-0612 
BALTIMORE (301) 561-0990 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 866-4063 
DALLAS (214) 350-5881 


KANSAS CITY (816) 373-1117 
LINCOLN (402) 474-2650 
"LITTLE ROCK (501) 271-0217 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 546-3324 
* MEMPHIS (901) 725-6899 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 941-6030 


DENVER (303) 344-5101 

DETROIT (313) 559-6863 
*EDISON, NJ (201) 548-6600 

HOUSTON (713) 780-9232 
*JACKSONVILLE (904) 642-1694 


NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 563-1312 


*PORTSMOUTH (804) 397-3251 
*ROCHESTER, NY (716) 422-6772 
*SAIT LAKE CITY (801) 487-1344 
*SAN ANTONIO (512) 696-1042 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
* SEATTLE (206) 364-2940 


ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
*TULSA (918) 836-6749 
VAN NUYS (213) 787-5423 
ATHENS 671-7170, Telex 214227 (EXSE GR) 
. BRUSSELS 720-7405, Telex 61791 (AVONIX B) 


“Factory authorized independent representatives 


DEL MAR AVIONICS 

1601 Alton Avenue at Red Hill, Irvine, CA 92714 

Telephone: (714) 549-1500 Telex: 68-5621 

Outside California (800) 854-0481, Inside California (800) 432-8446 











THEY 
ONLY TASTE 
THE WATER 


The plain truth about potassium supplements— 
many patients just dont take them 
Many patients just can't take liquid or effervescent prepa- 
rations day after day, no matter how they are diluted or the 
taste is disguised. Thus, in the long run, they fail to get the 
potassium they need. 


Helps solve compliance problems two ways 
KAON-CL TABS have no taste or after-taste, no matter 
how long they are taken. 

KAON-CL TABS are easy to remember, with a simple 
t.i.d. dosage schedule and ready portability. 


Minimizes likelihood of GI complications 
Each KAON-CL TABS tablet provides 500 mg KCI (6.7 


mEq) in a special wax matrix which controls release of 
potassium chloride over several hours. Thus, the likeli- 
hood of high localized concentrations of KCl in the GI 
tract is minimized. The reported frequency of GI lesions 
with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of 
GI bleeding reported with KAON-CL TABS to date and 
no reports of small bowel stenosis or ulceration. However, 
clinical experience is insufficient at this time to indicate 
that the incidence is other than the stated numerical ratio. 











Patients stay on 


KAON-CL TABS. 


(potassium chioride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 
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s is a sugar coated (not enteric-coated) tablet contain- 
ing mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 
wax matrix. This formulation is intended to provide a controlled release of 

otassium from the matrix to minimize the likelihood of producing high 
[ocalized concentrations of potassium within the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF IN INAL AND GASTRIC 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORIDE PREPARATIONS, TEESE DRUGS SHOULD BE RESERVED 
FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in digitalis intoxication and in patients with hypokalemic familial 

riodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with norma. renal function, potassium-losing nephro- 

athy, and with certain diarrheal states. 

3, Fhe use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked periodically, 

; however, and if hypokalemia occurs, dietary supplementation with potas- 
C sium-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 
Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such 
p patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
k following conditions: Chronic renal failure, systemic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
f adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
| spironolactone, triamterene). 
Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation in certain cardiac patients with esophageal compression due to enlarged left 
atrium. Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosage forms of potassium chloride supplements are contraindicated 
in any patient in whom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances, potassium supplementation should 
? be with a liquid preparation. 

Warnkios: Hypertalenia- M patients with impaired mechanisms for excreti 
potassium, the administration of potassium salts can produce hyperkalemia an 
cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also cccur in patients given potassium orally. 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly careful monitoring of 
the serum potassium concentration d appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics- Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (e.g., spironolactore or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions— Potassium ride tablets have produced stenotic 
and/or ulcerative lesions of the smal! bowel and deaths. These lesions are caused 
by a high localized concentration o£ potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 
tablet formulated to provide a contro led rate of release of potassium chloride and 
thus to minimize the ibility of a high local concentration of potassium ion 
near the bowel wall. While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 

e total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrcintestinal bleeding occurs. 

Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

tassium citrate, potassium acetate. or potassium gluconate. 

recautions: The diagnosis of potassium depletion is ordinarily made by 

demonstrating hypokalemia in a pat:ent with a clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, the 
; physician should bear in mind that acute alkalosis per se can produce hypokalemia 

d in the absence of a deficit in total body potassium while acute acidosis per se can 
» increase the serum potassium conceatration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassjum 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
. requires careful attention to acid-base balance and appropriate monitoring of 
. serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
à 








dverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

e most severe adverse effects are hyperkalemia (see Contraindications, 
| Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
| ration (see Warnings). 

E Overdosage: The administration of oral potassium salts to persons with normal 
he excretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
/ ever, if excretory mechanisms are impaired or if potassium is administered too 
| rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
| waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
f interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 
Treatment measures for hyperkalemia include the following: 
| l. Elimination of foods and medications containing potassium and potas- 
sium-sparing diuretics. | 
2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 
containing 10-20 units of crystalline insulin per 1,000 ml. 
3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 
4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 
In treating hyperkalemia, it shoulc be recalled that in patients who have been 
? stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 
Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and 1600. 
Stat-Pak® (unit dose) 100's. 


WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
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For every professional with an 
interest in Exercise and the Heart. 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocarciography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention cf cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


SU TTP 5 CUOI RR I ORE NINE NNUS 


Yorke Medical Books AJC 9/80 
666 Fifth Avenue, New York, N.Y. 10103 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($33.00 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


O Full payment enclosed, publisher pays shipping. 
O Please bill me, plus cost of shipping. 
(J Charge my credit card: () MasterCard [7] Visa. 
Card No. X aser ite ERO nece im ale one 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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Why change a respected name Under VASCOR, three new 
like HANCOCK Laboratories Inc.? product lines: 
jecause, Sood asit is, HANCOCK — — ! 
Because, good as it is, HANCOCK e HANCOCK* porcine heart valves 


tends to bring to mind porcine | 
e CARDAK* thermodilution and 


heart valves. Which is where we 
startect other right heart catheters 


Today, however, we're much e VICARE* cardiovascular 
broader than that. And, it is our therapeutic products 
objective to continue to expand v 
our product line for an increased ASCOR. 
presence in and commitment to Anaheim, California 92807 
cardiovascular health care. Committed to your needs. 


* Trademark © 1980, Vascor Inc. 





EDITORIALS 


Should Patients With Pure Mitral Stenosis Undergo Cardiac Catheterization? 
MICHAEL MOTRO and HENRY N. NEUFELD 
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Letters to the Editor 
American College of Cardiology News 
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systematic therapy piece 
reduced mortality: 


m Of nearly 11,000 hypertensives identified by the Hypertension 
Detection and Follow-up Program, slightly more than 70% had ` 
mild hypertension (DBP 90-104 mm. Hg).' 


m Half were given systematic and aggressive care in HDFP cen- 
ters; half were referred to customary sources of medical care. 


ki 
m After 5 years, HDFP found that effective treatment of mild 1 
| 























hypertension may reduce premature deaths by 20%.’ 


m As part of HDFP's systematic treatment and follow-up pro- 
gram, the primary step-1 agent was chlorthalidone: Hygroton** 


The primary agent used by the HDFP 
in an effective low dose 












Hygroton 25, 


(chiorthalidone USP) 1 


Because theres nothing mild 
about mild hypertension 





BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. Contraindications: Anuria, hypersensitivity to 
chiorthalidone or other sulfonamide-derived drugs. Warnings: Should be used with caution in severe renal 
disease, impaired hepatic function or progressive liver disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with a history of allergy or bronchial asthma 


related drugs may decrease arterial responsiveness to norepinephrine, If progressive renal impairment becomes 
evident, as indicated by a rising nonprolein nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given to withholding or discontinuing diuretic therapy. Chiorthalidone and related 
drugs may decrease serum PBI levels without signs of thyroid disturbance. Adverse Reactions: Anorexia. gastric 
irritation, nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice) 


There is a possibility of exacerbation or activation of systemic lupus erythematosus with thiazides, wnich are 
related to chlorthalidone. This has not been reported with chlorthalidone. Thiazides cross the placental barrier and 
appear in cord blood. Use in pregnant women requires that the anticipated benefits of the drug be weighed against 
possible hazards to the fetus. These hazards include fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in the adult. In nursing mothers, thiazides cross the placental barrier 
and appear in breast milk. If use of the drug is essential, the patient should stop nursing 

Precautions: Periodic determination of serum electrolytes to delect possible electrolyte imbalance should be 
performed at appropriate intervals. All patients receiving chlorthalidone should be observed for clinical signs of 
fluid or electrolyte imbalance; namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum and urine 
electrolyte determinations are particularly important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influence serum electrolytes. Hypokalemia may develop 
with chlorthalidone as with any other potent diuretic, especially with brisk diuresis, when severe cirrhosis is 
present, or during concomitant use of corticosteroids or ACTH. Interference with adequate oral electrolyte intake 
will also contribute to hypokalemia. Digitalis therapy may exaggerate metabolic effects of hypokalemia especially 
with reference to myocardial activity. Any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). Dilutional hyponatremia 
may occur in edematous patients in hot weather. Hyperuricemia may occur or gout be precipitated in certain 
patients. Insulin requirements in diabetic patients may be increased, decreased, or unchanged and latent diabetes 
mellitus may become manifest. Chlorthalidone and related drugs may increase the responsiveness to tubocurarine 
The antihypertensive effects of the drug may be enhanced in the postsympathectomy patient. Chlorthalidone and 


pancreatitis; dizziness, vertigo, paresthesias, headache, xanthopsia; leukopenia, agranulocytosis, 
thrombocytopenia, aplastic anemia; purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), Lyell's syndrome (toxic epidermal necrolysis). Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates or narcotics. Other adverse reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness, restlessness, impotence. Whenever adverse reactions are moderate or 
severe, chlorthalidone dosage should be reduced or therapy withdrawn 
Usual Dose: One tablet daily. How Supplied: Tablets— 100 mg. (white, scored), 50 mg. (aqua) in batt les of 100, 
1000 and 5000; 25 mg. (peach) in bottles of 100 and 1000; unit-dose blister packs, boxes of 100 (10 x 10 strips) 


References: 

1. Five-year Findings of the Hypertension Detection and Follow-up Program 1. Reduction in Mortality of Persons 
With High Blood Pressure, Including Mild Hypertension, JAMA 242: 2562, Dec. 7, 1979. 2 Payne. G GH 
Presentation of HOFP findings (Nov. 27, 1979), data on file, USV Laboratories 
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[POTASSIUM CHLORIDE! 


SLOW-RELEASE 
TABLETS 10 mEq 


once a day for prophylaxis- 
twice à day for therapy 


KLOTRIXiBas more potassium chloride than 
sugar-codted slowsrelease KCl tablets. 

This meafis fewertablets per day for better 
patient compliance. The KLOTRIX regimen fits 
into iatome 5-121: of real people. 
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25% lower in cost 


KLOTRIX" (potassium chloride), the 
economical slow-release KCI supplement, 
can save your patients as much as 25%. 
KLOTRIX is priced to please in TAISawoerehoi 


soaring prices. | 
| Mead Himen 


PHARMACEUTICAL DIVISION 


‘Please see following page for summary of prescribing information 
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KLOTRIX® 
(POTASSIUM CHLORIDE) 

SLOW-RELEASE TABLETS 10 mEq 

DESCRIPTION KLOTRIX is a film-coated (not enteric-coated) tablet containing 750 mg potassium 
chloride (equivalent to 10 mEq) in a wax matrix. This formulation is intended to provide a 
controlled release of potassium from the matrix to minimize the likelihood of producing high 
localized concentrations of potassium within the gastrointestinal tract. 

INDICATIONS — BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 
SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE 
LIQUID OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 

IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

] For therapeutic use in patients with hypokalemia with or without metabolic alkalosis; in 
digita'is intoxication and in patients with hypckalemic familial periodic paralysis. 

2 For prevention of potassium depletion when the dietary intake of potassium is inadequate in the 
following conditions: Patients receiving digita is and diuretics for congestive heart failure; 
hepatic cirrhosis with ascites; states of aldosterone excess with normal renal function; 
potassium-losing nephropathy, and certain diarheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- 
tension is often unnecessary when such patients have a normal dietary pattern. Serum potassium 
Shoulc be checked periodically, however, and, if hypokalemia occurs, dietary supplementation 
with potassium-containing foods may be adequate to control milder cases. In more severe cases 
supplementation with potassium salts may be indicated. 

CONTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may complicate any of 
the following conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
tration of a potassium-sparing diuretic (eg, spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulceration in certain 
cardiac patients with esophageal compression due to enlarged left atrium. 

Ali solid dosage forms of potassium supplements are contraindicated in any patient in whom there 
is-cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 
Supplementation should be with a liquid preparation. 

WARNINGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
acminestration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intravenously but may also occur when given orally. Poten- 
tially fatal hyperkalemia can develop rapidly ard be asymptomatic. Use of potassium salts in 
patients with chronic renal disease, or any other condition which impairs potassium excretion 
requires particularly careful monitoring of the serum potassium concentration and appropriate 
dosage adjustment. 

Interaction with potassium-sparing diuretics: Hypokalemia should not be treated by the 
concomitant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 
tone or triamterene), since the simultaneous administration of these agents can produce 


severe hyperkalemia. 
-Gastrointestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative 


lesions of the small bowel and deaths. These lesions are caused by a high localized concentration 
of potassium ion in the region of a rapidly dissciving tablet, which injures the bowel wall and 
thereby produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- 
lated te provide a controlled rate of release of potassium chloride and thus to minimize the possi- 
bility cf a high local concentration of potassium ion near the bowel wall. While the reported 
frequency of small-bowel lesions is much less with wax-matrix tablets (less than one per 
100,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 
patient-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 
tries and in the United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach. there have been reports of upper gastroin- 


-testinal bleeding associated with these products. The total number of gastrointestinal lesions 


remains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately 


and the possibility of bowel obstruction or perforation considered if severe vomiting, abdominal 


pain, distention, or gastrointestinal bleeding occurs. 
Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 


alkalinizing potassium salt such as potassium b carbonate, potassium citrate, or potassium acetate. 


PRECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in a 
patient with a clinical history suggesting some cause for potassium depletion. In interpreting the 
Serum potassium level, the physician should beer in mind that acute alkalosis per se can produce 
hypokalemia in the absence of a deficit in total 3ody potassium, while acute acidosis per se can 
increase the serum potassium concentration into the norma! range even in the presence of a 
reduced total body potassium. Treatment of potassium depletion particularly in presence of cardiac 
disease, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- 
ate monitoring of serum electrolytes, electrocarciogram and clinical status of patient. 

ADVERSE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal 
discomfort, and diarrhea. These symptoms are due to irritation of the gastrointestinal tract and are 
best managed by diluting the preparation further, taking the dose with meals, or reducing the dose. 
One of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). 
There also have been reports of upper and lower zastrointestinal conditions including obstruction, 
bleeding, ulceration and perforation (see Contraindications and Warnings); other factors known to 
be associated with such conditions were present in many of these patients. Skin rash has been 
reported rarely. 

DOSAGE Usual dietary intake potassium by the average adult is 40 to 80 mEq per day. Potassium 
depletion sufficient to cause hypokalemia usually requires loss of 200 or more mEq of potassium 
from the total body store. 

Dosage must be adjusted to the individual needs of each patient but is typically in the range of 

20 mEq per day for prevention of hypokalemia to 40-100 mEq per day or more for treatment of 
potassium depletion. 

Note: K: OTRIX slow-release tablets must be swallowed whole and never crushed or chewed. 
HOW SUPPLIED Bottles of 100. 


Mead {ii ISON] PHARMACEUTICAL DIVISION 
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ive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 
Assoc. Professor of Seer: 1g Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 
Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief, 
Heart Institute, Chaim Sheba Medical Center, Tel Hashomer, University of 
Tel Aviv—Sackler School of Medicine. 












Every cardiologist, internist, pediatrician, surgeon—indeed, 
every physician—should have a good basic knowledge of 

the Pre-excitation Syndrome. Here are just a few reasons why 
this is so essential: 


L] V5 of all pre-excitation cases are misdiagnosed. 

L] 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

LJ] In V? of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

L] V5to ' of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors' personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is brought a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson:White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 


Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 


| YORKE MEDICAL BOOKS, 666 Fifth Ave., N.Y., N.Y. 10103 | 
| Please send me a copy of THE PRE-EXCITATION SYNDROME | 
| at $33.00. I may use the book for 30 days and if not completely | 
| satisfied, return it for full refund or credit. | 
| D Bill me plus cost of shipping. | 
lo Payment enclosed, publisher pays shipping. | 
| L] Charge my credit card: [MasterCard O Visa. | 
| ^ Card No.2 Expire Date | 
NAME 
ADDRESS | 
| 
| CITY STATE — — —2Ip- . . — | 
| New York residents add applicable sales tax. Countries outside Western Hemisphere add 
$5.00 per copy. | 
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—— LANOXIN* 

bese age 0.125 mg Scored (yellow), !.D. Imprint Y3B 
.125 mg Scored (yellow), !.D. t 

TABLETS 0.25 ma yet (white) 1D: imprint X3A 
0.5 mg Scored (green), I.D. Imprint T9A 


LANOXIN* 


(DIGOXIN) 


ELIXIR PEDIATRIC so; (0.05 mo per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and genera! amelioration of the disturbances 
es i of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
. heart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 


continued in doses necessary to maintain the desired ventricular rate and other Clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
- flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
- type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 

4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

Allergy, though rare, does occur. It may not extend to all preparations, and another may be 


tried. 
Ventricular fibrillation. 
WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration, 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into Consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme Care in digitaliza- 
tion, A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued es soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially when severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to Bo s treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or Corticosteroid therapy, hemodialysis, and from 
suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
- other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved mn 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are Significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled dy other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must De adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, m tablets should be taken into account when switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 
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arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. | 

Benin nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. ! 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1 9 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given. with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without re of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. : 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) ot 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

in previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with norma! renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. & 

It cannot be overemphasized that tne values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: f 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

og EN with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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The effect of radiographically graded coronary collateral vessels on re- 
gional myocardial blood flow was evaluated with intracoronary injection 
of xenon- 133 at rest and during contrast agent-induced coronary hyper- 
emia in 24 patients with coronary artery disease. Eleven patients had no 
coronary collateral vessels demonstrated radiologically, whereas 13 had 
such vessels. In 7 of the 13 these were high grade and noncompromised, 
whereas in 6 they were of lesser grade. Regional myocardial blood flow 
at rest in patients with and without collateral channels was similar and 
increased during hyperemia. However, the increase in flow was signifi- 
cantly greater in the patients with high grade noncompromised collateral 
vessels than in those with lesser grade collateral vessels (80 + 16 versus 
31+ 9 percent, p <0.05). To evaluate the functional significance of the 
high grade noncompromised collateral vessels against that of vessels of 
lesser grade, various indexes of global and regional ventricular function 
were compared in the 13 patients in the present study, as well as in 24 
patients whose collateral vessels had been subjected to similar grading 
systems in previous studies of regional myocardial blood flow. There were 
no significant differences in degree of regional asynergy, ejection fraction 
or left ventricular end-diastolic pressure between the patients with high 
and lower grades of collateral vessels. Thus, high grade noncompromised 
collateral vessels do not appear to have a beneficial effect on resting left 
ventricular function despite their enhanced vasodilatory reserve. 


There are few more controversial subjects in cardiology than the role of 
coronary collateral vessels, but despite a host of studies dealing with their 
functional significance in patients with coronary artery disease, there 
is a paucity of data concerning the relation of these vessels to regional 
myocardial perfusion. The present study used the xenon-133 technique 
to evaluate the effect of radiographically graded coronary collateral 
channels on regional myocardial blood flow at rest and during contrast 
agent-induced hyperemia. Indexes of left ventricular function were then 
compared in patients with and without high grade collateral vessels. 


Methods 


Patient selection: The study was performed in 24 patients with angio- 
graphically demonstrated coronary artery disease; none had unstable angina 
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_or concomitant valvular heart disease. No attempt was made 


in... 


to alter the patient's medical therapy; most were receiving 
propranolol at the time of study. Informed consent was ob- 
tained in each case. 

Cardiac catheterization: Each patient was in the fasting 
state and was premedicated with diphenhydramine, 50 mg, 
and diazepam, 10 mg, orally or intramuscularly. Right and left 
heart catheterization with biplane left ventriculography was 
performed. Posterolateral asynergy was evaluated in the left 
anterior oblique projection and anteroapical asynergy in the 
right anterior oblique projection with use of quantitative 
methods described previously.! Selective coronary angiog- 
raphy in multiple projections was performed using the femoral 
route. All data concerning percent stenosis of coronary luminal 
diameter and the presence and types of collateral vessels were 
determined by consensus of at least two interpreters utilizing 
multiple views of the coronary arteries and without knowledge 
of the blood flow data. The angiographic quality of the col- 
lateral vessels after sublingual administration of 0.4 mg of 
nitroglycerin was graded using a modification of the scheme 
reported by Goldstein et al.* This grading system has also been 
used in two previous studies from our laboratory.?: Grading 
as follows: grade 1, faint opacification of the distal segment 
of the stenotic vessel with small collateral vessels; grade 2, 
moderate (more obvious than grade 1, but not as uniformly 
and completely opaque as grade 3 or grade 4) distal opacifi- 
cation with many small collateral vessels; grade 3, dense 
opacification of the distal segment with either one large or 
many small collateral vessels; and grade 4, dense opacification 
with two large collateral vessels to the stenotic vessel. The 
degree of obstruction in the vessel lumen before it gave off the 
collateral vessel was also noted. Thus, a noncompromised 
collateral vessel arose distal to a stenosis of 0 to less than 75 
percent and a compromised collateral vessel arose distal to 
a stenosis of 75 percent or more. 

Measurement of regional myocardial specific blood 
flow: At least 10 minutes was allowed to elapse between the 
last injection of contrast agent for diagnostic coronary angi- 
ography and the selective injection of xenon. To permit he- 
modynamic variables to stabilize, at least 30 minutes was al- 
lowed to elapse between the last sublingual administration 
of nitroglycerin and the intracoronary injection of xenon. 

The patient was placed in the left anterior oblique position 
under the fluoroscopic unit. A catheter was placed in the left 
main coronary artery and its position confirmed by an injec- 
tion of 0.25 ml of contrast material. The patient was positioned 
under the scintillation camera in the left anterior oblique 
position, and 20 to 25 millicuries (mCi) of xenon-133 in 2 ml 


- of saline solution was injected; a 3 ml saline flush followed 


immediately. Washout was monitored with a scintillation 
camera for a period of 2 minutes after the injection of 
xenon. 

Immediately after the baseline study, a second injection 
was made into the coronary artery. This injection consisted 
of 2.5 cc of Renografin®-76 (meglumine and sodium diatri- 
zoate), followed by 20 to: 25 mCi of xenon-133 followed by a 
second bolus dose of 2.5 cc of Renografin-76. Washout was 
monitored for 1 minute after the injection. The catheter was 
then removed from the coronary artery; thus, the catheter 
remained in the left main coronary artery approximately 5 
minutes (2 minutes after the first injection, 2 minutes during 
preparation for the second study and 1 minute after the sec- 
ond injection). 

Regional washout curves were obtained by placing elec- 
tronic cursors over the proximal and distal portions of the left 
anterior descending and left circumflex coronary arteries.! 
The position of these vessels was determined from the initial 
frames of the gamma camera image during the arterial phase 
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of the study, and regional specific flow was calculated from 
the initial slope of the xenon clearance curve. For the baseline 
study, washout curves were constructed using 2 second time 
frames from the peak counting rate to 40 seconds afterward. 
To minimize possible effects of fat or other nonmuscular 
components on the calculation of blood flow, only the slope 
of the curve representing the first 40 seconds of washout data 
was computed using a nonweighted, monoexponential least 
squares program. From the initial slope, myocardial specific 
flow in ml/min per 100 g was determined using the equation 
F/W = (100 kA)/p, where k was the mean slope calculated from 
0 to 40 seconds, A was the blood: tissue partition coefficient 
(assumed to be 0.72), and p was the specific gravity of myo- 
cardial tissue (assumed to be 1.05). 

Regional specific flow during contrast agent-induced hy- 
peremia was measured from the portion of the washout curve 
demonstrating agumented flow. As in our previous study of 
contrast agent hyperemia,! two criteria were used in selecting 
this portion of the curve: (1) The starting and end points were 
defined as those points on the curve where the slope, com- 
puted over a 6 second interval, changes most rapidly. (2) The 
linear regression coefficient (r) for that portion of the washout 
curve extending 6 seconds after the starting point and 6 sec- 
onds immediately before the end point had to be greater than 
0.50, thus eliminating elbows from the portion of the curve 
subjected to analysis. The resultant washout curve averaged 
15 seconds (range 10 to 20) and was subjected to nonweighted 
least squares analysis to compute the slope. Regional specific 
flow was then calculated in the distal quadrants overlying the 
left anterior descending and left circumflex arteries. Regional 
myocardial specific blood flow in each patient was represented 
by the mean of the two values in order to provide a single 
measurement for comparison with data in other patients in 
the present study, as well as in 24 patients evaluated in pre- 
vious studies of collateral flow before and after administration 
of vasoactive drugs.?4 Combining data from these 24 patients 


. with those of the 13 patients in the present study allowed a 


more meaningful evaluation of the effects of collateral vessels 
on indexes of left ventricular function. 

Reproducibility for the contrast agent technique was de- 
termined in an earlier study! by performing two determina- 
tions each in four patients, with an injection of 2.5 cc of 
Renografin-76 used in each determination. In these repro- 
ducibility studies, 5 to 10 minutes was allowed to elapse be- 
tween each flow determination. Specific flow from the regions 
of interest was then calculated. 'The mean difference between 
blood flow values obtained during the two studies in the re- 
gions of interest was 9.1 percent. Furthermore, analysis of 
variance indicated that there was no significant difference 
between regions in the reproducibility of flow estimation. 

Data analysis: The data were analyzed by evaluating the 
effect of contrast agent-induced hyperemia in two groups of 
patients. 

Group 1 consisted of patients with coronary artery disease, 
defined as lesions greater than 75 percent of the intraluminal 
diameter of either the left anterior descending or left cir- 
cumflex artery, or one of their major branches (with or without 
concomitant right coronary artery disease) and no visible 
collateral vessels to the stenotic left coronary vessel from ei- 
ther the left or right coronary systems. 

Group 2 consisted of patients with coronary artery disease 
and varying grades of collateral vessels. Patients in Group 
2 were further subgrouped according to the adequacy of their 
collateral vessels based on the angiographic criteria cited 
earlier. Thus, well developed collateral vessels were defined 
as those that were both noncompromised and of grade 3 or 4 
(seven patients) Less well developed collateral vessels were 
either grade 1 or 2 or were compromised, or both. 
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TABLE | 
Effect of Coronary Collateral Vessels on Regional Myocardial Blood Flow 
Coronary Collateral RMBF 
Prior Arteries Vessels to 
Case MI Diseased Left System EF LVEDP C H 96 A 
A. Group 1 (11 cases) 
1 Ant LAD, LCx, RCA No 0.72 20 70 120 71 
2 No LAD* No 0.59 8 65 105 62 
3 No LAD, RCA No 0.53 16 57 94 65 
4 No LAD, LCx No 0.53 7 61 103 69 
5 No LAD, LCx, RCA No 0.53 14 62 91 27 
6 No LAD, LCx* No 0.56 12 68 149 60 
7 Inf LAD, LCx, RCA No 0.78 8 73 156 114 
8 Ant LAD, LCx, RCA No 0.44 8 55 120 118 
9 Ant LAD, LCx No 0.54 20 77 84 20 
10 No LAD, LCx, RCA No 0.79 18 44 65 50 
11 Inf LAD, LCx No 0.60 4 58 114 99 
Mean 0.60 12 62 109 71 
+SEM 0.03 2 9 9 +8 
B. Group 2 (13 cases) 
1 Ant LAD*, LCx, RCA Gr 3/noncomp to LAD 0.57 14 83 210 153 
2 Inf LAD*,R RCA Gr 3/noncomp to LAD 0.64 16 81 114 41 
3 Ant LAD, LOx* Gr 3/noncomp to LCx 0.49 12 64 97 52 
4 No LAD*, LCx Gr 4/noncomp to LAD 0.45 16 59 131 122 
5 Ant LCF*, LAD, RCA Gr 4/noncomp to LCx 0.58 12 58 81 40 
6 No LAD, LCx* Gr 3/noncomp to LCx 0.58 9 76 127 67 
7 No LAD*, RCA Gr 3/noncomp to LAD 0.54 13 38 70 84 
8 No LAD, RCA Gr 2/noncomp to LAD 0.57 12 65 83 28 
9 No LAD, RCA Gr 2/noncomp to LAD 0.69 9 48 80 67 
10 Ant LAD*, LCx Gr 1/noncomp to LAD 0.44 12 104 121 16 
11 Inf LAD*, LCx, RCA Gr 3/comp to LAD 0.22 14 42 55 31 
12 Ant LAD, LOx* Gr 1/comp to LCx 0.49 12 68 75 10 
13 Inf LCx*, RCA Gr 1/comp to LCx 0.43 12 57 90 56 
Mean 0.51 13 65 103 59 
+SEM 0.03 1 5 11 +14 
* 95 or or greater stenosis of luminal diameter. 
Ant = anterior; C = control state; EF = ejection fraction; H = during contrast agent-induced hyperemia; Inf = inferior; LAD = left anterior descending 


coronary artery; LCx = left circumflex coronary artery; LVEDP = left ventricular end-diastolic pressure (mm Hg); MI = myocardial infarction; RMBF 
= regional myocardial specific blood flow (mean of the two distal quadrants in ml/min per 100 g); SEM = standard error of the mean. 


For comparisons made within each group of differences 
between control and contrast agent data, paired t tests were 
used. Comparisons between groups were made using unpaired 
t tests. 


Results 


Clinical, angiographic and hemodynamic find- 
ings (Table I): Collateral vessels in human beings are 
considered a response to severe ischemia® and, by 
comparison with patients in Group 1 (coronary artery 
disease without collateral vessels), patients in Group 2 
had a lower ejection fraction as well as a greater preva- 
lence of severely (95 percent or greater) stenosed vessels. 
However, these differences were not statistically sig- 
nificant when evaluated with unpaired t test or chi- 
square analysis. 

Effect of collateral vessels on regional myocar- 
dial blood flow during hyperemia: During contrast 
agent-induced hyperemia, flow increased significantly 
in patients without as well as in patients with high or 
lesser grade collateral vessels (Fig. 1). However, the 
increase in flow in the patients with lesser grade col- 
lateral vessels was significantly less than that in patients 
with high grade noncompromised vessels (31 + 9 versus 
80 + 16 percent, p <0.05) (Fig. 2). It was also signifi- 
cantly less than the increase in patients without col- 


lateral vessels (71 + 8 percent), which was similar to that 
in patients with high grade collateral channels. 

Data from individual quadrants distal to stenoses 
of the left anterior descending and left circumflex ar- 
teries were also evaluated in the 13 patients with col- 
lateral vessels. The collateral vessels supplied the distal 
left anterior descending artery in eight patients and the 
distal left circumflex artery in five. Patients with high 
grade noncompromised collateral channels had a sig- 
nificantly greater distal quadrant specific flow than that 
of patients with lesser grade collateral vessels (83 + 15 
versus 25 + 8 percent, p «0.05). 

Comparison of different grades of collateral 
vessels in relation to left ventricular function: By 
pooling data from our previous studies evaluating the 
effects of collateral vessels on regional myocardial blood 
flow before and after administration of vasoactive 
drugs, we were able to compare left ventricular 
function in 18 patients with high grade noncompro- 
mised collateral vessels and 19 patients with lesser grade 
collateral vessels. No significant differences were found 
in degree of regional asynergy, ejection fraction, or left 
ventricular end-diastolic pressure (Table II). These 
groups had a comparable prevalence of very severe (95 
percent) or greater coronary arterial stenosis and prior 
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FIGURE 1. Increase in regional myocardial blood flow (RMBF) from 
resting state compared with state of hyperemia induced by contrast 
agent. As indicated by the probability (p) values, there was a significant 
increase in all groups of patients with coronary artery disease (CAD), 


including those with well developed high grade, noncompromised 


collateral vessels, (see text for definition) and those with lesser grades 
of collateral vessels. 


160 


140 


120 


100 


80 


60 


o A RMBF DURING HYPEREMIA 


% 
AR 
o 


20 





O 
CAD CAD 
WITHOUT WITH 
COLLATERALS COLLATERALS 


FIGURE 2. Percent increase in regional myocardial blood flow (RMBF) 
during contrast agent-induced hyperemia in patients with coronary artery 
disease with and without collateral vessels. When the patients with 
collateral vessels were sub-grouped according to the radiographic 
adequacy of these vessels, patients with high grade noncompromised 
collatera! channels (triangles) had a significantly greater increase in 
regional myocardial blood flow than did patients with lesser grade 
ry he channels (crosses) (80 + 16 versus 31 + 9 percent, p 
.05). 
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myocardial infarction as well as similar values for resting 
regional myocardial blood flow (Table II). 


Discussion 


Previous studies on effect of collateral vessels on 
regional myocardial blood flow: A coronary collateral 
channel is an initially unused pathway that is recruited 
only after complete or partial obstruction of the original 
coronary artery fails to permit normal flow.» Whether 
preformed, or newly formed, coronary collateral vessels 
in human beings are associated with coronary arterial 
stenosis of 75 percent or more of luminal diameter as 
demonstrated on pathologic examination of the heart 
or coronary angiographic studies. Until the advent of 
techniques that allowed regional myocardial perfusion 
to be evaluated in human subjects, it was difficult to 
estimate reliably the effect of these vessels on regional 
myocardial blood flow. For example, Knoebel et al.® : 
measured total myocardial blood flow with the rubid- 
ium-84 coincidence counting technique in 100 patients, 
60 of whom had coronary artery disease. After infusion 
of isoproterenol, these investigators found that patients 
with intercoronary collateral vessels were unable to 
increase total myocardial blood flow to the same extent 
as normal control subjects or patients with coronary 
artery disease who did not have collateral vessels. In 
contrast, using the xenon-133 technique to measure 
regional myocardial blood flow, Schmidt et al.’ reported 
that in the presence of adequate coronary collateral 
vessels (as defined by angiographic criteria), the usual 
decreases in regional myocardial blood flow observed 
in patients with coronary artery disease during atrial 
pacing did not occur. 

Also using xenon-133—although with a different 
technique— Frick et al.8 used atrial pacing to induce 


TABLE Il 


Comparative Features of Patients With and Without High 
Grade Noncompromised Coronary Collateral Vessels* 








18 Patients With 
High Grade, 
Non- 19 Patients With 
compromised Collateral 
Collateral Vessels of p 
Vessels Lesser Grade Value 

Ejection fraction 0.52 + 0.03 0.49 + 0.04 NS 
Left ventricular end- 15+2 17+ 2 NS 

diastolic pressure 

(mm Hg) 
Asynergy in region 12 (67%) 14 (73%) NS 

of collateralized 

coronary artery 
Regional myocardial 65+4 64+ 5 NS 

blood flow 

(ml/min per 100 g) 
295% stenosis of 15 (83%) 13 (70%) NS 


LAD or LCx 


Prior myocardial infarction 13(72%) 11 (58%) NS 





2 See text for grading criteria. This table includes patients from 
previous studies (see Group 3 in Table I? and Group 3 in Table I^). 

LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; p = probability. 
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ischemia in patients with coronary artery disease. These 
investigators concluded that collateral vessels were 
capable of increasing in size and flow in response to the 
stimulus of atrial pacing. More recently, Rigo et al.? 
evaluated myocardial perfusion with thallium-201 
during exercise, and found that areas subserved by 
noncompromised coronary collateral channels were 
much less likely to show perfusion defects on scintig- 
raphy than areas that were not perfused by such chan- 
nels. 

Collateral vessels and contrast agent-induced 
hyperemia: In the present study, the vasodilatory ef- 
fects of contrast agent-induced hyperemia were used to 
estimate myocardial blood flow reserve in patients with 
different grades of coronary collateral vessels. Hyper- 
emia induced in this manner has been used to test the 
physiologic significance of coronary arterial lesions in 
both animals!? and human beings.':!? Our results indi- 
cate that high grade noncompromised coronary collat- 
eral vessels are able to implement flow to regions sub- 
served by stenotic native vessels to a significantly 
greater degree than are less well developed collateral 
vessels. Although these studies cannot measure the 
absolute flow in individual collateral channels, they 
provide indirect evidence that when these channels are 
of optimal quality, the flow reserve is similar to that of 
noncollateralized areas. 

Effects on ventricular function: If higher grade 
collateral vessels do compensate for the loss of normal 
flow, at least in part, can they be shown to have a ben- 
eficial effect on ventricular function? Some studies!!-!? 
that have compared various hemodynamic measure- 
ments in patients with and without collateral vessels 
have not addressed the issue of radiographic grading of 
such vessels. Conflicting results have been reported in 
these studies, some investigators!':!? not finding and 
others!? finding a beneficial effect. Even when collat- 
erals were graded for adequacy by radiographic criteria, 
a beneficial effect was again observed by some investi- 
gations!4 but not in others.!? However, the former study 
evaluated the adequacy of the vessel that was being 
collateralized, whereas the latter evaluated the collateral 
vessels themselves. Keversibility of asynergy has been 
attributed in part to well developed collateral vessels 
by some investigators, but when the same group!” 
performed histopathologic studies (using biopsy spec- 
imens obtained at open heart surgery), they were unable 
to demonstrate a beneficial effect of collateral vessels 
on muscle loss and epicardial Q waves. In another 
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study!? in which well developed collateral vessels were 
reported to have a protective effect on both global and 
regional left ventricular function at rest, this effect could 
not be demonstrated after the stress of atrial pacing. 

In the present study, our angiographic criteria also 
took into account whether the collateral vessel was 
compromised or noncompromised, that is, whether or 
not it arose from a vessel that was also stenosed. AI- 
though our results clearly showed a significant differ- 
ence in regional myocardial blood flow during contrast 
agent-induced hyperemia with well developed collateral 
channels compared with those of lesser grade (Fig. 2), 
no such clear-cut effect was observed when left ven- 
tricular function at rest was compared. Because in this 
study the number of patients with and without well 
developed collaterals was small, we reviewed two earlier 
studies? 4 from our laboratory that dealt with the effect 
of vasoactive drugs on regional myocardial blood flow 
and specifically evaluated the presence or absence of 
well developed collateral vessels. In pooling data from 
these studies and the present study, we found that pa- 
tients with well developed collateral vessels had no 
significant differences in ejection fraction, left ven- 
tricular end-diastolic pressure or regional asynergy from 
values in patients with lesser grade collateral channels. 
(We could not compare these indexes with values in our 
patients without collateral channels [Table I|] because 
the latter had a lesser prevalence of prior infarction and 
severely stenosed vessels.) 

Possible limitations of study and implications: 
The limitations of the xenon washout technique— 


especially in differentiating between subendocardial 


and subepicardial flow!?——must be considered in eval- 
uating this study, although good correlations have been 
observed when this technique has been compared with 
simultaneous microsphere methods in experimental 
animals.?? Furthermore, the injection of the contrast 
medium results in a nonsteady state. Nonetheless, the 
magnitude of the directional changes suggests that these 
limitations need not negate the conclusion that there 
is a difference between the vasodilatory reserve of well 
developed collateral channels (as defined in this study) 
and that of lesser grade collateral channels. Even though 
this difference is not readily apparent in relation to 
improved left ventricular function at rest, it would ap- 
pear that a useful approach to understanding the 
physiology of these vessels would be to subgroup them 
according to radiographic adequacy, as done in the 
present study. 
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L4 


The functional role of the coronary collateral circulation in patients with 
coronary artery disease has yet to be clarified. Because the distribution 
of thallium in the rayocardium after its intravenous injection is proportional 
to regional blood flow, quantitative thallium scintigraphy was employed 
to assess noninvasively the effect of collateral vessels on regional myo- 
cardial perfusion at rest and after exercise stress. Sixty-two patients with 
significant (greater than 50 percent stenosis of luminal diameter) coronary 
artery disease had after exercise thallium imaging and 35 patients un- 
derwent imaging at rest. Delayed redistribution images were obtained 
after exercise and at rest. Images were divided into six segments for 
analysis and interpreted using computer-assisted quantitative techniques. 
In patients undergoing exercise stress, collateral vessels did not signifi- 
cantly influence thallium uptake patterns in Segments associated with 
electrocardiographic Q waves. In segments without Q waves, thallium 
uptake was more frequently abnormal (p <0.001) in segments with than 
in segments without collateral V@ssels whether or not such vessels were 
jeopardized. The presence or absence of collateral channels did not affect 
the frequency of occurrence of thallium redistribution. In patients 
undergoing serial imaging at rest, the prevalence of segments with normal 
thallium uptake was greater in segments with nonjeopardized than in those 
with jeopardized collateral vessels (p «0.05 ). 

It is concluded that (1) coronary collateral vessels are an indicator of 
severe coronary arterial obstruction and do not protect against exer- 
cise-induced hypoperfusion or affect the occurrence of redistribution, and 
(2) non-jeopardized collateral vessels appear to augment perfusion at 
rest in some segments to the degree that normal thallium uptake at rest 
is observed. 


Although the literature on the coronary collateral circulation is volu- 
minous,!-!? the functional role of collateral vessels in patients with 
coronary artery disease has yet to be clarified. Because the distribution 
of thallium in the myocardium after its intravenous injection is pro- 
portional to regional blood flow,!! a method of noninvasively assessing 
the influence of collateral flow on regional myocardial perfusion is 
available. We have developed a quantitative approach to myocardial 
perfusion imaging that now permits a more objective assessment of 
myocardial thallium uptake and delayed redistribution after exercise 
stress and at rest.!?-14 The goal of this study was to assess the effect of 
coronary collateral channels on regional myocardial thallium uptake 
after injection of the agent at peak exercise stress or at rest in patients 
with coronary artery disease. 


Methods 


Study patients: One hundred twelve patients who underwent myocardial 
perfusion imaging with thallium-201 after exercise or at rest and diagnostic 
coronary arteriography as part of the evaluation of known or suspected coronary 
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artery disease, over an 18 month period, constituted the study 
group. No patient had a recent (less than 3 months old) 
myocardial infarction. Patients with associated valvular, 
congenital or cardiomyopathic heart disease were excluded 
from the study. 

Post-exercise thallium imaging was performed in 77 pa- 
tients. Fifteen of these patients had normal coronary arteries. 
Group I consisted of the remaining 62 patients with significant 
coronary artery disease, defined as greater than 50 percent 
stenosis of at least one vessel, at cardiac catheterization. In 
this group, there were 56 men and 6 women. The mean age was 
52.5 years (range 36 to 68). All 62 had a history of chest pain 
and 18 had electrocardiographic evidence of prior myocardial 
infarction. Forty-six patients were taking propranolol and 11 
were receiving digoxin. All were using nitroglycerin in sub- 
lingual, oral or topical form. 

Thallium-201 imaging at rest and coronary angiography 
were performed i in 35 patients with medically refractory or 
unstable angina. All had significant coronary artery disease 
and constitute Group II. There were 31 men and 4 women with 
a mean age of 52.3 years (range 31 to 74). Nineteen had elec- 
trocardiographic evidence of prior infarction. Thirty were 


3 taking propranolol and eight digoxin. All were receiving ni- 


troglycerin in sublingual, oral or topical form. 
Thallium-201 imaging procedure: All patients received 

1.5 millicuries (mCi) of thallium-201 (New England Nuclear 

Corporation) intravenously followed by a 10 cc normal saline 


_ flush injection. All patients underwent imaging in a fasting 
. state. Patients undergoing exercise studies received the 
. thallium injection at peak treadmill exercise and continued 
. walking for an additional 30 to 60 seconds. Imaging in all pa- 
tients was started 10 minutes after injection in the anterior 
- projection and continued in the 45 and 70° left anterior 
. oblique projections. Anterior and one or both oblique images 


were repeated at 1 hour and again at 2 to 3 hours after thallium 
injection in all patients. All images were recorded for a preset 


| . time of 10 minutes on an Ohio Nuclear 420 Portable Gamma 


Camera using an all-purpose (GAP) medium resolution col- 
limator and a 25 percent window centered on the 80 KeV 
X-ray peak. Conventional scintiphotographic imaging on 
transparency film was performed and all thallium studies were 


_ Stored in a computer (DEC Gamma 11, Digital Equipment 


Corporation, or MDS MUGA-CART, Medtronic Corporation) 
for quantitation of relative myocardial thallium uptake. Net 
myocardial activity was determined relative to a nonuniform 
background reference plane generated separately for each 


. image using a computer program! that employs a modifica- 
. tion of the Goris interpolative background technique.!9 Net 


myocardial activity was determined from the peak counts of 
multiple count profiles generated across the myocardial im- 


. ages after subtraction of the background reference plane.!4 


All studies were performed within 1 month of coronary angi- 


-= ography. 


Image interpretation: Scintigraphic data for each patient 
were examined jointly by three investigators without knowl- 


7 edge of the results of angiography. Images were divided into 


six segments for analysis as previously described.!? Each 
myocardial segment was rated as abnormal if it demonstrated 
a 25 percent or greater defect relative to the myocardial region 
of the most intense uptake in the initial image or if the time- 
activity curve corresponding to that segment was either flat 
or upsloping during the time of the image series. Redistribu- 
tion was indicated for a myocardial segment if it demonstrated 
increasing activity in the delayed image series or if the relative 
defect normalized in the delayed images. Otherwise, the defect 
was considered persistent. These criteria were established 
from a normal population study as previously described.!4 
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Cardiac catheterization: All patients underwent coronary 
angiography with use of the Judkins or Sones technique and 
routinely received nitroglycerin during the catheterization. 
Coronary arteriograms were interpreted by two investigators 
without knowledge of clinical or scintigraphic data. Differ- 
ences of interpretation were resolved by consensus. Coronary 
stenoses were considered significant if luminal diameter was 
reduced by 50 percent or greater. Collateral vessels were 
judged to be present if the vessel distal to a total obstruction 
was visualized after injection into either the right or the left 
coronary system, or if the vessel distal to a subtotal obstruc- 
tion was visualized after injection into the contralateral cor- 
onary system. Collateral vessels were classified as either 
jeopardized or nonjeopardized according to the method of 
Rigo et al.!? 


Electrocardiographic data: The presence of Q waves with 
a duration of 0.04 second or greater in the electrocardiogram 
at rest was considered to represent transmural myocardial 
infarction. Their location was matched with the appropriate 
myocardial segment in the thallium scans. 

Statistical analysis: Data were analyzed using a rank sum 
test for ordered categorical data.!9 The chi-square test was also 
used to determine the significance of differences in observed 
rates of occurrence when appropriate. 


Results 


Coronary artery disease: There was no significant 
difference with respect to extent of coronary artery 
disease between the groups studied at rest and during 
exercise. The former had 2.4 diseased (50 percent or 
greater stenosis) vessels per patient and the latter had 


. 2.2 diseased vessels per patient. The number of prior 


myocardial infarctions as assessed by electrocardio- 
graphic Q waves was significantly higher in the group 
studied at rest (19 of 35 versus 18 of 62; probability [p] 
« 0.05). 

Seventy-eight vessels were judged as receiving col- 
lateral flow on angiography. Of these, 57 (73 percent) 
were totally obstructed, 18 (23 percent) had 90 percent 
or greater subtotal obstruction and 3 (4 percent) had 70 
to 89 percent stenosis. No vessels receiving collateral 
flow had less than a 70 percent stenosis. Coronary artery 
disease was not as severe in the 138 stenotic vessels 
without collateral channels. Of these, 8 (6 percent) were 
totally obstructed, 51 (37 percent) had 90 percent or 
greater subtotal obstruction, 45 (32 percent) had 70 to 
89 percent stenosis, and 34 (25 percent) had a 50 to 69 
percent stenosis (p «0.001 ). 

Exercise electrocardiography: Seventy-seven 
patients underwent symptom-limited treadmill exercise 
testing employing the Bruce protocol. Exercise was 
stopped at 100 percent of age-predicted maximal heart 
rate or because of chest pain, dyspnea, fatigue or leg 
discomfort. Of the 62 patients with coronary artery 
disease, 36 (58 percent) had a positive exercise test (1 
mm or greater S-T segment depression or elevation 
compared with the baseline level and lasting for 0.08 
second in three consecutive beats), and 11 (18 percent) 
had a negative test (achievement of 85 percent or greater 
of the predicted heart rate without electrocardiographic 
changes). Fifteen tests (24 percent ) were nondiagnostic 
(achievement of less than 85 percent of maximal heart 





rate without electrocardiographic changes). There were 
no false positive exercise tests in the 15 patients with 
normal coronary arteries. 


Thallium-201 Scintigraphic Analysis 


Postexercise imaging: Group I consisted of 62 pa- 
tients with coronary artery disease who underwent serial 
thallium imaging after intravenous injection at peak 
treadmill exercise. Of these 62 patients 59 (95 percent) 
had abnormal scintigrams by quantitative criteria and 
at least one postexercise defect was noted. There were 
284 image segments in the distribution of stenotic cor- 
onary arteries. Fifty of these 284 segments were asso- 
ciated with electrocardiographic Q waves and 234 were 
not. Results of thallium imaging for stenotic vessels and 
correlation with coronary collateral vessels are sum- 
marized in Table I. 

Segments with Q waves: There was no significant 
difference in myocardial thallium uptake patterns in 
segments associated with Q waves when segments with 
and without collateral channels were compared. As 
might be expected, the majority of these segments 
demonstrated abnormal thallium uptake and most of 
these defects were persistent. 

Segments without Q waves: In segments without Q 
waves, there were more segments showing abnormal 
thallium uptake and fewer showing normal uptake in 
segments with than in those without collateral vessels 
(p «0.001). In abnormal segments, the presence of col- 
lateral vessels did not affect the frequency of occurrence 
of redistribution. 

Segments perfused by nonstenotic vessels: 'There was 
one false positive persistent defect in the 15 patients 
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TABLE | 


Exercise Scintigraphy: Correlation Between Segmental 
Thallium Uptake and Presence or Absence of 
Collateral Vessels* 





Q Waves Collateral Redis- ^ Persistent p 
on ECG Vessels Normal tribution Defect Value 
Yes Absent 6(24%) 3(12%) 16(64%) NS 
Present 0( 0%) 5(20%) 20(80%) 
No Absent 89 (55%) 54(34%) 18(11%) «0.001 
Present 16(22%) 33(45%) 24(33%) 


* All segments were perfused by a stenotic vessel. 
ECG = electrocardiogram; p = probability; NS = not significant. 


with normal coronary arteries. In patients in Group I, 
there were 88 segments perfused by nonstenotic vessels 
and 81 of these had normal thallium uptake. There were 
seven false positive abnormal segments (specificity 92 
percent). 

These findings suggest that collateral vessels do not 
enhance thallium uptake during stress when myocardial 
segments with such vessels are compared with segments 
perfused by noncollateralized vessels. Indeed, in the 
absence of Q waves, there was a greater prevalence of 
perfusion abnormalities in segments supplied by col- 
lateral vessels than in noncollateralized segments. 
Figure 1 is a series of anterior and left anterior oblique 
images obtained after exercise in a patient with 90 to 99 
percent stenosis in the proximal left anterior descending 
coronary artery, 70 to 89 percent stenosis of the left 
circumflex coronary artery and total occlusion of the 
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FIGURE 1. Thallium images and time-activity curves obtained after injection of thallium during exercise in a patient with 90 to 99 percent stenosis 
of the proximal left anterior descending, a 70 to 89 percent stenosis of the circumflex coronary artery, and total occlusion of the right coronary 
artery. Collateral vessels to the right coronary artery were visualized during injection of the left coronary system but no collateral channels to the 
left anterior descending or circumflex arteries were demonstrated. Left, sequential anterior images demonstrate a defect in the inferior segment 
with subsequent redistribution on delayed images. The time-activity curves demonstrate an initial disparity in counts in the initial image with equalization 
of activity in the image obtained 2 hours later. Right, sequential left anterior oblique (LAO) images demonstrate a defect in the anteroseptal segment 
with subsequent redistribution. The time-activity curves confirm the initial disparity and subsequent equalization in regional counts. 


TF ————— JR — EE ss 


oe t-te de ahaa Wilde Seal 


~ CORONARY COLLATERAL VESSELS AND THALLIUM-201- BER 





GER ET AL. 


right coronary artery. The latter artery was visualized 
during injection into the left coronary system by way of 
collateral vessels derived from the left circumflex and 
left anterior descending arteries. Collateral channels 
arising from the left anterior descending artery were 
jeopardized, whereas those from the circumflex artery 

. were not. No collateral vessels to the left coronary sys- 

. tem were visualized. The thallium images demonstrate 
initial defects with redistribution on delayed images in 
both the anteroseptal and inferior segments of the left 
ventricle. In this example, collateral vessels did not 
appear to be protective against exercise-induced hy- 
poperfusion. 

i Imaging at rest: Group II consisted of 35 patients 
with severe medically refractory or unstable angina who 
underwent serial thallium imaging after intravenous 

. injection at rest. We previously reported!? that there is 

. nosignificant difference in myocardial thallium uptake 

. patterns between patients with stable and unstable 





. angina during imaging at rest. Therefore, the imaging 
. data from patients with both types of angina were 
- combined for analysis. Of 30 segments perfused by 
. nonstenotic vessels, 27 demonstrated normal thallium 
3 uptake and 3 were abnormal (specificity 90 percent). 
_ There were 180 segments in the distribution of stenotic 
coronary arteries; 48 were associated with Q waves and 
— 132 were not (Table II). 

= The presence of coronary collateral vessels did not 
É appear to affect the myocardial uptake patterns of 
. thallium in-segments with or without associated Q 
_ waves. The prevalence of normal segments, redistri- 
i bution and persistent defects was similar whether or not 
1 . collateral vessels were present; however, nonjeopardized 
collateral channels may augment flow at rest (see 
later). 

= deopardized versus nonjeopardized collateral 
. vessels: The effect of collateral vessels on myocardial 
_ thallium uptake was further analyzed according to 
whether these vessels were jeopardized or nonjeopar- 
. dized (Table III). Thallium uptake after exercise stress 
. in collateralized segments was not significantly affected 
- by whether or not the collateral channels were jeopar- 
f dized. However, when imaged at rest, nonjeopardized 
. collateral vessels may have improved resting flow be- 
. cause more segments with normal uptake were found 









- Resting Scintigraphy: Correlation Between Segmental 
. Thallium Uptake and Presence or Absence of 
. Collateral Vessels* 





. QWaves Collaterals Redis- ^X Persistent p 
on ECG Vessels Normal tribution Defect Value 
| Yes Absent 0( 0%) 7(50%) 7(50%) NS 
Present 1( 3%) 25(73%) 8(24%) 
No Absent 41(44%) 42(46%) 9(10%) NS 
Present 24 (60%) 13(33%) 3( 7%) 





* All segments were perfused by a stenotic vessel. 
Abbreviations as in Table I. 
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in this group than in segments with jeopardized collat- 
eral vessels. 

Summary of findings: The prevalence of collateral 
vessels in all segments with abnormal thallium uptake, 
without regard to the presence or absence of Q waves, 
is given in Table IV. In exercise images, segments with 
persistent defects were perfused by collateralized vessels 
more frequently than were segments demonstrating 
redistribution (p <0.05), suggesting that more severe 
hypoperfusion existed in the collateralized segments. 
Collateral vessels did not influence the frequency of 
redistribution versus persistent defects in patients who 
underwent imaging at rest although, as previously 
noted, nonjeopardized collateral vessels were associated 
with a greater frequency of normal segments. 


Discussion 


Collateral flow and stress-induced ischemia: The 
effectiveness: of coronary collateral vessels as a com- 
pensatory mechanism for significant augmentation of 
regional perfusion distal to an obstructed coronary ar- 
tery is controversial. Using radioactive xenon, Smith et 
al.!? found no significant difference in myocardial blood 
flow distal to coronary obstructions in vessels with or 
without collateral channels. Although some investiga- 
tors! found that at rest collateral vessels preserve 
ventricular contractile function and prevent asynergy, 
others?? observed that such channels did not affect the 
prevalence of asynergic regions at rest. Recent work 
suggests that collateral vessels may not protect against 
stress-induced ischemia as manifested by electrocar- 
diographic changes during exercise,* or pacing-induced 
left ventricular dysfunction.!? Further, these vessels do 
not appear to affect the overall sensitivity of exercise 
thallium imaging in the diagnosis or coronary artery 
disease.”! Helfant et al.2 and Williams et al.?? found 
that, although collateral vessels may not prevent angina 
or myocardial infarction, they may play a role in limiting 
infarct size and improving survival after myocardial 
infarction. The results of our study support the con- 
clusion that collateral vessels do not prevent stress- 
induced ischemia, although they might augment myo- 
cardial blood flow and therefore provide relative pro- 
tection. Moreover, collateral flow is an indicator of se- 


TABLE Ill 


Results of Thallium Imaging in Segments With Jeopardized 
and Non-Jeopardized Collateral Vessels* 


Redis- 
Normal tribution 


4(10%) 16(39%) 21(51%) NS 


Collateral 
State Vessels 


Persistent p 
Defect Value 


Exercise Jeopardized 


Nonjeopar- 12(21%) 22(39%) 23(40%) 
dized 
Rest Jeopardized 7(19%) 23(64%) 6(17%) <0.05 
Nonjeopar- 18(47%) 15(4096) 5(13%) 
dized 


* All segments were perfused by a stenotic vessel. 
Abbreviations as in Table I. 
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vere obstruction to flow within the native vessel, and 
thus indicates an increased likelihood of stress-induced 
hypoperfusion in the collateralized segment. 

Correlation of presence of collateral flow and 
delayed thallium redistribution: In myocardial seg- 
ments that had corresponding Q waves, thallium defects 
were observed in 91 of 98 segments. The large incidence 
of defects observed in these segments was expected 
because Q waves are indicative of myocardial scarring 
and frequently irreversible asynergy.5?? The majority 
of these segments associated with Q waves demon- 
strated persistent thallium defects as would be ex- 
pected. However, there were a number of instances 
where some redistribution to these segments was ob- 
served in delayed images. This change could be caused 
by the presence of some viable myocardium in regions 
that are partially scarred. Alternatively, redistribution 
in segments associated with Q waves may be caused by 
ischemic zones that are peripheral to regions of scar, but 
that either overlap or are unresolved in the scintigraphic 
image. The presence or absence of collateral flow into 
regions with corresponding Q waves was unrelated to 
the presence or absence of corresponding thallium de- 
fects. The observation of redistribution into these seg- 
ments was likewise unrelated to the presence or absence 
of collateral vessels. 

Verani et al.24 recently reported a study in which 
postexercise and delayed redistribution imaging were 
followed by a separate study at rest without further 
delayed imaging. They suggested that collateral flow 


might play an important role in thallium redistribution. . 


In our study, there was no relation between the presence 
of collateral flow and the presence of delayed redistri- 
bution. This finding is consistent with the view that 
thallium redistribution depends only on nutrient blood 
flow and cell viability and is independent of whether a 
myocardial segment is supplied by native or collateral 
vessels. Moreover, in this and previous studies, we and 
others!225 have demonstrated a substantial number of 
initial resting defects in myocardial segments without 
corresponding Q waves that demonstrate redistribution 
in delayed images. We conclude that delayed imaging 
is necessary even in studies performed during rest to 
avoid false identification of ischemic but viable seg- 
ments as scar. The question of how precisely regions of 


TABLE IV 


Correlation Between Abnormal Thallium Uptake and 
Presence or Absence of Coronary Collateral Vessels 


Collateral Vessels 


p 
Present Absent Value 
Ilo oat ENERO ER Rl CoD CPP TREE DUREE RNEE 
At rest 
Redistribution 38 49 NS 
Persistent defect 11 16 
During exercise 
Redistribution 38 57 «0.05 
. Persistent defect 44 34 


Abbreviations as in Table l. 
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scar can be differentiated from viable but ischemic 
myocardial regions using any combination of initial and 
delayed thallium images appears to be complex and is 
not adequately resolved either by this study or by the 
study of Verani et al.?4 

Protective effect of nonjeopardized versus 
jeopardized collateral vessels: Thallium defects were 
observed after exercise stress in 45 percent of the 
myocardial segments that were supplied by vessels 
having greater than 50 percent stenoses but without 
corresponding Q waves. The lesser incidence of thallium 
defects among these segments is consistent with the 
view that many of these myocardial segments, partic- 
ularly those with lower grade stenoses, were not severely 
hypoperfused at the level of exercise achieved during 
the test. For example, defects in these segments are 
typically not observed when other higher grade lesions 
are simultaneously present. However, stress thallium 
defects were observed much more frequently (78 per- 
cent) in regions to which collateral flow was demon- 
strated. This finding is consistent with the hypothesis 
that collateral flow will occur only if there is a significant 
pressure gradient across the stenosis in the native vessel. 
Thus, the visualization of collateral channels is an in- 
dicator of functionally severe flow obstruction within 
the native vessel. Rigo et al.!? recently reported that _ 
when collateral channels were not visualized, thallium  : 
defects were always demonstrated distal to the totally _ 
occluded or most severely occluded vessel. Thallium 
defects were less frequently observed in the region of the 
most severely or totally occluded vessel if that region 
was supplied by collateral flow originating from an 
unoccluded vessel, that is, a nonjeopardized collateral 
channel. These investigators concluded that collateral : 
vessels provide at least relative protection in areas that — 
would otherwise have even greater impairment of blood — 
flow. Our results at first appear to be at variance with 
those of Rigo et al. but within the confines of their study — 
where we can make valid comparisons, the results are 
substantially similar. In our studies at rest, which 
tended to include patients with functionally more severe — 
stenoses, defects at rest were observed somewhat less _ 
frequently in collateralized than in noncollateralized 
segments. Specifically, nonjeopardized collateral 
channels were associated with normal segmental thal- — 
lium uptake more often than were jeopardized collateral . 
channels, suggesting that the former caused some aug- — 
mentation of blood flow at rest. However, in our study, © 
the much greater incidence of stress-induced perfusion ~ 
defects observed with thallium imaging in both jeop- 
ardized and nonjeopardized collateralized segments 
indicates that, although coronary collateral vessels may 
provide augmentation of resting flow and therefore 
relative protection, as suggested by Rigo et al., they do 
not provide effective reserve capacity to protect against | 
exercise-induced hypoperfusion. 1 


Implications: Several conclusions can be derived - 


from this study. (1) As previously suggested, collateral 

vessels are an indicator of severe coronary artery dis- — 
ease. (2) Collateralized myocardial regions distal to an 
obstruction are at greater risk for stress-induced isch- — 
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emia than are regions without collateral vessels distal 


to equivalent obstructions. (3) Coronary collateral 


vessels do not affect thallium redistribution in delayed 
postexercise scans. (4) Nonjeopardized collateral 
channels appear to augment perfusion at rest. (5) The 
frequent occurrence of redistribution of thallium at rest 
in presumed infarcted regions demonstrating Q waves 


suggests the presence of some viable but hypoperfused 
myocardium in the vicinity of the scar. 
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Of 2,365 clinically healthy men who participated in the exercise testing 
unit of the Seattle Heart Watch, follow-up by annual mail questionnaires 
identified 47 persons (2 percent) who experienced primary coronary heart 
disease events. The mean follow-up period (+ standard deviation) was 
5.6 + 1.4 years. The rates of such events was higher in men 55 or more 
years of age than in the younger men. A count of the conventional risk 
factors identified at the time of initial examination was associated with 
increased 5 year probability of primary coronary heart disease events. 
However, univariate analysis of the individual risk factors (positive family 
history, hypertension, smoking, hypercholesterolemia) did not show a 
significant increase in 5 year probability. 

Four variables obtained from the response to symptom-limited maximal 
exercise testing were significantly associated with subsequent primary 
coronary heart disease events. These predictors were chest pain during 
maximal exertion, duration of exercise less than 6 minutes with the Bruce 
protocol, failure to attain at least 90 percent of the age-predicted maximal 
heart rate and ischemic S-T segment depression. 

When the conventional risk factors and the exercise predictors are both 
considered in asymptomatic men, maximal exercise testing identified a 
small group ( 1 percent of the total population) who had the highest 5 year 
probability of primary coronary heart disease (0.33). This group had one 
or more conventional risk factors and two or more exercise predictors 
identified. The probability in those with conventional risk factors but with 
less than two exercise predictors was 0.015. Forty-one percent of the 
population had no risk factors and the 5 year probability in this group was 
0.01. Exercise testing was of no predictive value in the latter group. 


The predictive value of maximal exercise testing in asymptomatic 
healthy middle-aged men in detecting latent coronary artery disease has 
been advocated by some investigators!-? and seriously challenged by 
others.9-!! The predictive value of S- T depression alone, without regard 
to other variables, is poor when the prevalence of coronary heart disease 
in the population sample is low.!? In such a group, the prevalence rate 
of false positive S-T responses is high, particularly in men who attain 
significantly higher age-adjusted heart rates and systolic pressure re- 
sponses than their peers who do not manifest S-T depression.!? The 
common misconception that exertional myocardial ischemia can be as- 
sessed solely by S- T depression, which is nonspecific for either excessive 
demand on the left ventricle or restricted supply of oxygenated coronary 
blood flow, has been questioned and the need to consider other available 
data has been emphasized.!? 

This paper reports the 5 year follow-up experience in 2,365 initially 
healthy men who were enrolled in a collaborative prospective community 
practice study in Seattle. Guidelines are formulated that may aid phy- 
sicians in attaining a more cost-effective usage of this noninvasive 
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method of symptom-limited maximal exercise testing 
that can be included in the initial evaluation of patients 
seen in office or clinic practice. 


Methods 


Study subjects: An industrial cohort of healthy supervisors 
and executives of a large aerospace industry and a clinical 
cohort of a heterogeneous group of healthy men who presented 
themselves for examination by one of 50 participating phy- 
sicians in the community were combined to form the popu- 
lation sample of 2,365 men. Subjects in group 1 (industrial 
cohort), which comprised 67 percent of the men, had annual 
clinical examinations as required by corporate policy; subjects 
in grcup 2 (clinical cohort) were examined for a variety of 
reasons to ascertain their health status. Persons were invited 
to participate if a negative clinical history for cardiorespiratory 
symptoms had been elicited and a physical examination and 
12 lead electrocardiogram (with exception of occasional pre- 
mature beats) were normal. In many instances, a chest X-ray 
examination was available as additional evidence of normal 
heart size. All were found free of clinical manifestation of 
coronary heart disease. 

The criteria for exclusion of coronary disease were based 
on a history of (1) typical angina pectoris with exertion or 
emotion relieved by rest or nitroglycerin, (2) of prior myo- 
eardial infarction with appropriate acute symptoms and 
electrocardiographic or serum enzyme responses, or both, or 
(3) of prior cardiac arrest with resuscitation by ventricular 
defibrillation. No subject was considered to have any apparent 
heart disease, and none was taking any cardiac or antihyper- 
tensive medication. Men with diabetes mellitus or with 
atypical chest pain syndromes were excluded. In addition, the 
subjects were questioned about a history of heart attack or 
sudden cardiac death in parents and siblings. A history of 
currently smoking cigarettes in any amount was recorded. 
Data on serum cholesterol concentrations were used when 
obtained, but their availability in only 25 percent of the 
population sample limits the inferences that can be drawn. 
Persons with a history of hypertension were excluded, but a 
systolic blood pressure at rest of greater than 140 mm Hg was 
included in the risk factor count. Informed consent for 
symptom-limited maximal exercise testing and for subsequent 
annual follow-up mailed questionnaires was obtained from 
2,365 men. 

Exercise test protocol: The Bruce protocol!4 for multi- 
stage treadmill testing of symptom-limited maximal exercise 
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FIGURE 1. Distribution of the 2,365 healthy men according to age at 
initial examination. The mean age for the group was 44.5 + 7.7 
years. 
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was used. Neither S-T depression nor target heart rates were 
used as end points of maximal exercise. No subject exhibited 
abnormal signs requiring stopping of the test, that is, none 
manifested an ataxic gait, a decrease in systolic blood pressure 
below the usual resting level or three or more consecutive 
ventricular premature complexes. The electrocardiogram was 
monitored using a modified V; lead. In 78 percent of the pa- 
tients electrocardiographic signals were transmitted by da- 
taphone to a central computer for averaging 100 beat samples 
and analysis was made of the S- T segment at rest, during ex- 
ercise and for 5 minutes after exercise. 

The exercise variables recorded for each subject included 
symptoms and signs initiated by exercise, maximal stage at- 
tained, total duration from the onset of stage I (that is, 1.7 
miles [2.7 km]/hour at 10 percent gradient), heart rate, systolic 
and diastolic blood pressures at rest and at maximal effort and 
presence, morphologic features and duration of S-T depres- 
sion after exertion. Ischemic S- T depression was defined to 
include horizontal or downsloping depression of the segment 
for 1 or more mm persisting for 1 or more minutes into re- 
covery, or 1 or more mm of upsloping depression persisting 
for 3 or more minutes into recovery. Maximal oxygen uptake 
was estimated from the duration of exercise using a previously 
reported regression equation, and functional aerobic im- 
pairment was calculated.!?^ Heart rate impairment was the 
percent reduction of age-adjusted maximal heart rate and left 
ventricular impairment the percent reduction of age-adjusted 
maximal pressure-rate product.* 6 

Follow-up: A questionnaire was mailed to each subject 
annually to ascertain any subsequent morbidity or mortality. 
Morbidity was defined as admission to hospital, and was 
classified as cardiac or noncardiac in origin. Death certificates 
and related information were independently reviewed, and 
deaths were classified by three cardiologists. !7 

Statistical analysis: Significance of differences in con- 
tinuous variables was ascertained by an unpaired t test. Five 
year event rates were calculated from the ratio of events per 
classification category to the total person-years of follow-up 
in that category, multiplied by 5. The rates were expressed as 
5 year probabilities, or multiplied by 1,000 for rates/1,000. 
Differences in such rates were deemed significant at the 0.05 
level of significance if the simultaneous 95 percent confidence 
intervals were not overlapping. Rates of survival without 
designated events were determined by life table analyses, and 
significance of differences was evaluated with the Mantel- 
Haenzel chi-square statistic.!? In all of these analyses, survival 
time was calculated only until the first coronary heart disease 
event, which might not have been death. If the first event was 
noncardiac death, it was treated as a censored observation (as 
were those of living subjects who withdrew from the study) 
just before death. 


Results 


The distribution of study participants by age at initial 
examination is shown in Figure 1; only 10.3 percent were 
99 or more years of age. The measured variables in the 
industrial and clinical cohorts are compared in Table 
I. The minor and nonrandom differences of statistical 
significance suggest that values in the industrial cohort 
more closely approximated normal values. The systolic 
blood pressure at rest was slightly lower in the clinical 
cehort. Forty percent of the clinical cohort had serum 
cholesterol measurements compared with only 18 per- 
cent of the industrial cohort. 


* Regression equation for calculating age-predicted average normal 
maximal heart rate equals 210—0.662 (years of age). '® 
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TABLE | 
Physical Characteristics and Exercise Responses of the Industrial and Clinical Cohorts of Healthy Men 
Industrial Cohort Clinical Cohort Both Cohorts 

n Mean +SD Mean +SD p n Mean +SD 
Age (yr) 1615 44.3 7.3 750 44.9 8.5 NS 2365 44.5 Tb 
Height (cm) 1615 178.6 6.4 702 178.5 6.6 NS 2317 178.6 6.4 
Weight (kg) 1614 80.2 9.0 703 81.0 10.7 NS 2317 80.4 9.6 
Relative weight (96) 1580 99.8 9.6 642 101.0 11.7 NS 2222 100.2 10.2 
Serum cholesterol (mg/dl) 294 229 41 300 234 m ii NS 594 232 AA 
Resting HR (beats/min) 1615 72 11 750 74 12 NS 2365 73 11 
Resting SBP (mm Hg) 1615 124 13 750 121 15 «0.01 2365 123 13 
Resting DBP (mm Hg) 1614 79 9 750 78 9 ' NS 2364 78 9 
Maximal HR (beats/min) 1615 181 11 750 177 15 «0.001 2365 179 13 
Maximal SBP (mm Hg) 1606 189 22 727 182 23 «0.01 2333 187 22 
Maximal DBP (mm Hg) 1574 . 70 17 676 78 16 «0.001 2250 73 17 
Maximal PRP X 107 1606 343 43 727 324 50 «0.001 2333 337 46 
Duration (s) 1615 636 89 750 627 131 NS 2365 633 104 
FAI (96) 1615 1.0 10.9 750 1.1 16.0 NS 2365 1.0 12.0 
HRI (96) 1615 —0.4 5.4 750 1.5 6.9 «0.01 2365 0.2 6.0 
LVI (96) 1606 —À2 12.2 727 4.3 14.3 «0.001 2333 0.6 13.1 


DBP = diastolic blood pressure; FAI = functional aerobic impairment; HR = heart rate; HRI = heart rate impairment; LVI = left ventricular im- 
pairment; n = number in group; NS = not significant; p = probability of difference (industrial versus clinical cohort); PRP = pressure-rate product; 


SBP = systolic blood pressure; SD = standard deviation. 


Follow-up cardiac events: After an elapse of 5.6 + 
1.4 years (mean + standard deviation) from the initial 
examination and exercise testing, 47 of the 2,365 healthy 
men experienced primary events attributed to coronary 
heart disease. This represents a crude primary event 
rate of 1.98 percent, but when this rate is adjusted for 
elapsed time, the annual incidence rate is 0.36 percent, 
with 95 percent confidence intervals of 0.25 to 0.5 per- 
cent. Of the 47 men with a primary event, 23 had myo- 
cardial infarction, 11 had angina pectoris and another 
5 had angina severe enough to warrant aortocoronary 
bypass surgery. Because the surgery was not performed 
in the latter five men until 41 to 82 (mean 62.8) months 
after testing , it is most unlikely that the initial test re- 
sults influenced the choice of treatment. There were 
eight cardiac deaths, and five of these occurred within 
1 hour of the onset of symptoms. Seventeen subjects (0.7 
percent) died of noncardiac causes: 3 of stroke, 10 of 
malignancy, 2 of miscellaneous causes and 2 of unknown 
causes. Thus, the primary cause of death in this popu- 
lation sample was cancer. 

The 5 year age-specific rates/1000 of these 47 pri- 
mary events attributed to coronary heart disease are 
shown in Figure 2. After a possible suggestion of pre- 
cocious disease developing in 2 of 181 men of 30 to 34 
years of age, the 5 year rate increased from 6.3/1,000 in 
men aged 35 to 39 years to a peak of 53/1,000 for men 
aged 60 to 64 years. This represents more than an 
eight-fold increase in risk in older men. If the men are 
separated at age 55 into two groups, the 5 year event rate 
for the older men of 46/1,000 is significantly greater than 
the rate of 15/1,000 for the younger men (probability [p] 
« 0.05). 

Predictive value of clinical risk factors: Univar- 
iate analysis of the prevalence and subsequent 5 year 
probability of primary events in relation to observations 
before exercise testing are listed in Table II. The only 
variable that shows a significant difference (p «0.05) 
in 5 year probability of primary events is age of 55 or 


more years versus less than 55 years. The selection of - 


men according to industrial versus clinical cohort, 
conventional risk factors (family history of heart attack 
or sudden cardiac death, smoking, and systolic blood 
pressure at rest greater than 140 mm Hg or serum cho- 
lesterol greater than 250 mg/dl, or both) as well as 
physical activity status and relative body weight are not 
reliably predictive. Serum cholesterol levels were not 
determined in 75 percent of the men, and in the groups 
without cholesterol determinations the subsequent 5 
year probability for primary events was less than that 
for the entire population sample (0.016 versus 0.018). 
In 412 men with recorded low cholesterol levels, the 
probability was 0.016. Although the tally of the number 
of conventional risk factors (risk factor count) did not 
produce a steep gradient for predicting subsequent 
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None Reported 


HE ORO i EE uuu 

25~  30- 35~ 40~ 45~ 50~ 55~ 60~  65- 

Years of Age 

FIGURE 2. Five year rates of coronary heart disease events/ 1,000 men 
according to age at initial examination. There were no events in the 
small groups of persons 25 to 29 years of age and 65 to 69 years of age. 
AP = angina pectoris; CD = cardiac death; CHD = coronary heart 
disease; MI = myocardial infarction; p = probability; SVG = saphenous 
vein bypass grafting procedure. 1 





. — s A" A MR AR AAU ast .—-— Ad Tm m 





| 
i 
| 
| 


OG UE A 


| 
d 
1 
| 
t 


iad heeds ead EL SIDNEUI DERI CELL JEGSCERR GU ODEGETURU GU IM ERR NE EUCH YTEENCE ee a Tn SRI WR FT ee ee ae eee Lee 
_ MAXIMAL EXERCISE TESTING IN HEALTHY MEN—BRUCE ET AL. ! " | | | NS 


TABLE Il 
Observations Before Exercise Testing 
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Initial Prevalence 





CHD 5 Year Probability Values 
n 96 Events (9596 confidence intervals) 
| Cohort 
| Industrial 1581 66.9 23 0.013 (0.008, 0.021) NS 
| Clinical 784 33.1 24 0.030 (0.018, 0.048) 
Age (yr) 
<55 2123 89.8 35 0.015 (0.010, 0.021) <0.05 
255 242 10.2 12 0.046 (0.022, 0.055) ( P ^*- 
| Positive family history 
: Present 967 42.3 23 0.020 (0.012, 0.032) NS 
| Absent 1332 57.7 24 0.015 (0.009, 0.024) 
| Smoking 
| Yes 419 17.7 15 0.033 (0.017, 0.060) 
; No 1934 81.8 32 0.014 (0.009, 0.021). NS 
Unknown 12 0.5 0 0 (0.009, 0.021) 
| Serum cholesterol (mg/dl) 
2250 182 7.7 8 0.040 (0.014, 0.085) 
«250 412 17.4 7 0.016 (0.005, 0.039) NS 
Unknown 1723 74.9 32 0.016 (0.010, 0.024) 
SBP at rest (mm Hg) i 
| 2140 174 7.4 3 0.015 (0.002, 0.050) NS 
X140 2191 92.6 44 0.017 (0.012, 0.025) 
| Activity status 
| Active 943 39.9 13 0.012 (0.005, 0.023) 
Sedentary 1422 58.9 32 0.020 (0.013, 0.031)? NS 
Unknown 29 r 2 0.050 (0.003, 0.352) 
Relative weight (%) 
«105 1592 67.3 29 0.016 (0.010, 0.025) 
2105 630 26.6 12 0.017 (0.008, 0.032) > NS 
Unknown 143 6.1 6 0.041 (0.012, 0.100) 
Resting STg (mV) 
«0 221 9.3 6 0.024 (0.007, 0.060) 
20 1634 69.1 31 0.016 (0.010, 0.025) ¢ NS 
Unknown 510 21.6 10 0.019 (0.007, 0.039) 
Resting electrocardiogram 
Ventricular ectopic beats 48 2 0 i 
Supraventricular ectopic beats 35 1.5 0 4 T \ NS 
Neither 2216 96.5 47 0.015 (0.013, 0.025) 


= primary events, including morbidity (admission to hospital) and mortality attributed to coronary heart disease; SBP = systolic blood pressure; 
. STe = voltage of early ventricular repolarization measured 50 to 69 ms after the nadir of the S wave recorded in CBs precordial electrocardiographic 
lead. Measurements made by computer averaging of 100 beat samples. 
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coronary heart disease events (Fig. 3), when risk factor 
count was treated as a continuous variable and analyzed 
with Cox’s regression model, this variable was signifi- 


[ cantly related (p <0.005) to the event rate. Only one of 


eight cardiac fatalities occurred in those men without 


- known conventional risk factors. Of interest in relation 
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FIGURE 3. Initial prevalence and subsequent 5 year probability of pri- 
mary coronary heart disease events in healthy men according to the 
tally of the four conventional risk factors (family history, smoking, serum 
cholgsterol, systolic blood pressure). NS = not significant. 


274 Qantamhar 1080 Tha Ámarinan lansnal af AADRIA AA 


to possible prediction of future sudden cardiac death 
was that none of the 3.5 percent of the population who 
exhibited isolated premature complexes in an otherwise 
entirely normal resting 12 lead electrocardiogram ex- 
perienced any primary event within 5 years. 

Exercise predictors of cardiac events: Analysis of 
the commonly noted responses to symptom-limited 
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FIGURE 4. Initial prevalence and subsequent 5 year probability of pri- 
mary coronary heart disease (CHD) events in healthy men according 
to the presence or absence of ischemic S-T depression. 
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TABLE Ill 
Responses to Symptom-Limited Maximal Exercise 


Initial Prevalence 
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Variable n 

Chest pain 

Present 20 

. Absent . 2345 

Exercise duration (min) 

<6 16 

>6 2349 
FAI (%) 

220 126 

<20 2238 
HRI (%) 

210 132 

<10 2233 
LVI (96) 

10 533 

10 1798 

Unknown 32 
Ischemic S-T depression 

Present 264 

Absent 2101 
Ventricular ectopic complexes 

Present 331 

Absent 2034 


FAI = functional aerobic impairment; HRI = heart rate impairment; LVI = left ventricular impairment. 


maximal exercise reveals four variables of predictive 
value (p <0.05) (Table III). These are (1) duration of 
exercise less than 6 minutes (which requires only 6 to 
7 METs [multiples of resting oxygen requirement}), (2) 
ischemic S-T depression, as previously defined, (3) 
maximal heart rate less than 90 percent of age-predicted 
normal value (that is, heart rate impairment of 10 per- 
cent or greater), and (4) chest discomfort or pain on 
maximal exertion. The relative frequency and impor- 
tance, for prediction of primary events, of S-T depres- 
sion and of all four exertional risk predictors are illus- 
trated in Figures 4 and 5. 

When two electrocardiographic variables, namely, 
segmental S-T depression of 1 mm or more and heart 
rate impairment of 10 percent or greater, are used, the 
presence of both is predictive of a significantly higher 
5 year primary event rate of 0.038 (0.105, 0.95) in only 
0.63 percent of these healthy men (Fig. 6). Thus, the 
absence of at least this much reduction in chronotropic 
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FIGURE 5. Initial prevalence and subsequent 5 year probability of pri- 
mary coronary heart disease (CHD) events in 2,365 healthy men ac- 
cording to the tally of the four exercise predictors (chest pain during 
exercise, short duration of exercise, heart rate impairment of 10 percent 
or more and ischemic S-T depression). Asterisk indicates 95 percent 
confidence limit. 
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CHD 5 Year Probability Values 
Events (9596 confidence intervals) 
3 0.147 (0.022, 0.445)] |. — 
44 qe de orn pv Uu 
3 0.194 (0.031, 0.650) 
44 0.016 (0.012, Te 950,06 
6 0.045 (0.014, 0.105) |. Ns 
41 0.016 (0.011, 0.023) 
9 0.066 (0.027, 0.135) 
38 0.015 (0.010, ded p<0.09 
14 0.024 (0.012, 0.043) 
32 0.015 (0.010, 0.023) $ NS 
1 0.034 (0.008, 0.190) 
14 0.047 (0.023, 0.085) 
33 0.014 (0.009, 0.02) poU» 
9 0.024 (0.010, tom NS 
38 0.016 (0.011, 0.024) 


capacity of the heart eliminates 249 men (10.5 percent 
of the population) with false positive S-T depression 
and identifies 15 with a much greater risk of primary 
events. : 

The presence of two or more of the previously men- — 
tioned exercise predictors identifies men in both age - 
subgroups who are at increased risk. For men under 55 
years, the probability for groups with and without two | 
or more of the risk predictors are 0.237 and 0.013, re- 
spectively (p <0.05) and for men 55 years or older the 
comparable values are 0.54 and 0.032 (p «0.05). | 

Predictive value of exercise versus conventional | 
risk factors: Because of the sequential manner in which - 
the information is ordinarily obtained, it is of interest - 
to consider the predictive value of the exertional risk - 
predictors among subjects with or without any of the - 
conventional risk factors. Among the 41 percent of men | 
without conventional risk factors, 15 percent exhibited 
one or more exertional risk predictors; because only - 
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FIGURE 6. Initial prevalence and subsequent 5 year probability of pri- - 
mary heart disease events in normal men when the two exercise - 
electrocardiographic variables (heart rate impairment [HRI] and isch- — 
emic S-T depression) are considered. " 
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FIGURE 7. Prevalence of less than two exertional risk predictors and 
two or more exertional risk predictors in the 980 men without any one 
of the conventional risk factors identified. The 5 year probability values 
of primary coronary heart disease events are not significantly dif- 
ferent. 


_ three of these men had a primary event, the event rate 
_ was not significantly elevated above that of men without 
. exertional risk predictors (Fig. 7). Figure 8 shows the 
. importance of considering exertional risk predictors in 
. the presence of one or more conventional risk factors; 
. about 1 percent of these healthy men with at least one 
= conventional risk factor exhibit two or more exertional 
. risk predictors. A group with a high probability of cor- 
- onary heart disease events is thus identified. Of such 
. men the majority (that is, nine) sustained a primary 
. coronary heart disease event within 5 years. 


Discussion 


_ Probability of development of coronary heart 
. disease in a healthy population: These asymptomatic 
healthy men of 25 to 69 years of age represent a selected 
- population; two thirds are derived from a nonmedical 
- roster in an industrial cohort. All participated in 
. symptom-limited maximal exercise testing voluntarily. 
. Hence, our data may also reflect some degree of self- 
. selection of health-conscious persons. Men with a his- 
_ tory of atypical chest pain, possible heart disease, a prior 
- diagnosis of hypertension or diabetes mellitus were 
. excluded. Likewise, any men with electrocardiographic 
. evidence of prior silent myocardial infarction or left 
ventricular hypertrophy were excluded. Therefore, it 
. is not surprising that only 47 primary coronary heart 
. disease events occurred in more than 5.5 years of fol- 
- low-up study. This suggests that a physician eliciting 
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FIGURE 8. Prevalence of less than two exertional risk predictors and 
two or more exertional risk predictors in the 1,385 men who had one 
or more conventional risk factors identified. The 5 year probability 
values of primary coronary heart disease events differ significantly. 


a negative history and finding no clinical or electro- 
cardiographic evidence of heart disease in asymptomatic 
healthy men can identify those with the lowest proba- 
bility (0.017) of experiencing any primary coronary 
heart disease event within the next 5 years. The 5 year 
probability of fatal events in such men is 0.003. 

The Framingham study provides data for some 
comparisons. In that study, the risk factors include 
hypertension, glucose intolerance, elevated serum 
cholesterol, smoking and signs of left ventricular hy- 
pertrophy in the electrocardiogram. For a 45 year old 
man without any of these five risk factors the 5 year 
probability of experiencing a primary coronary heart 
disease event was calculated from a recent report to be 
0.014.1? The 5 year probability of such an event among 
healthy Seattle men of a similar mean age and with a 0 
risk factor count is 0.009. In both populations higher 
probability levels occur as the risk factor count in- 
creases. The maximal risk ratio for men without glucose 
intolerance or left ventricular hypertrophy is 8:1 in the 
Framingham population versus 30:1 in the comparably 
selected men in the Seattle study using both the risk 
factor count and exercise predictors. Extrapolation of 
the data to make such comparisons should be made with 
caution for several reasons. 

The Framingham data were based on an 18 year fol- 
low-up period although tables of 8 year probability 
levels were presented. In the Seattle data cholesterol 
measurements were made in 25 percent of the popula- 
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FIGURE 9. Life table analysis illustrating the greatly 
increased percent of persons experiencing a primary 
coronary heart disease event among subjects with a 
combination of one or more conventional risk factors 
and two or more exercise (Exer.) risk predictors. 
Survival without a primary coronary heart disease 
event did not differ significantly in subjects with no 
conventional risk factors and those with one or more 
conventional but less than two exercise predictors. 
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tion, but the rate of a primary coronary heart disease 
event was no higher in the remaining 75 percent. To 
confirm the predictive value of exercise testing in ad- 
dition to conventional risk factor screening a Cox's 
multivariate analysis including age, risk factor count 
and exertional risk predictors were performed. The 
results showed that exertional risk predictors made a 
significant independent contribution to prediction of 
primary coronary heart disease events (p = 1 X 1078), 
even in the presence of significant effects of age (p = 5.5 
x 1077) and count of conventional risk factors (p = 2.4 
X 4074). 

Prognostic value of combined exercise test 
variables and conventional risk factors: The im- 
portant finding of practical consequence is the signifi- 
cant prognostic value of two or more exertional risk 
predictors in the presence of one or more of four con- 
ventional risk factors. In the absence of conventional 
risk factors, exercise testing failed to provide additional 
prognostic information in normal men. These divergent 
results are clearly demonstrated by use of a life table 
analysis (Fig. 9). 

The additional importance of exercise variables as 
predictors of primary coronary events is demonstrated 
in the Seattle study. The results are similar to the 
preliminary findings reported?? for a more heteroge- 
neous population sample in which, after only 3 years of 
follow-up, ischemic S-T depression, short duration of 
exercise and chest pain during exercise were found to 
be predictive variables. Slight differences in results are 
due to a more rigorous definition of a healthy population 
sample, more precise counting of risk factors and longer 
duration of follow-up. 

Duration of S-T depression and heart rate im- 
pairment greater than 10 percent: The most frequent 
exercise abnormality is S-T depression, and persistence 
of S- T depression for at least 1 minute after symptom- 
limited exercise is an important discriminating variable 
(Fig. 4). This finding supports the data published by 
Erikssen et al.,2! who found that such S-T depression 
persisting into recovery was the most common exercise 
abnormality associated with significant coronary artery 
disease as assessed with arteriography in asymptomatic 
men. The importance of chronotropic impairment as a 
sign of coronary heart disease has been reported by 
others.22:2 It should be stressed that if arbitrary target 
heart rate end points (for example, 85 percent of age- 
predicted maximal heart rate for normal men) are used 
then the value of heart rate impairment as a predictor 
will probably be lost. The data presented by Borer et 
al.24 involved target heart rates and, although their 
study dealt with S-T responses alone in persons with 
elevated cholesterol, the additional use of heart rate 
impairment might have improved the specificity of the 
exercise test. In the Seattle Heart Watch data the 
presence of only ischemic S-T depression (that is, 
without any one of the other three exertional risk pre- 
dictors also being present) was not associated with a 
significantly increased risk of subsequent primary 
events due to coronary heart disease. This phenomenon 
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FIGURE 10. Schematic representation of the rational use of exercise i 
testing in detecting apparently healthy persons at highest risk of a pri- 
mary coronary heart disease (CHD) event. Initial assessment of the — 
presence of conventional risk factors eliminates the need to perform . 
many exercise tests. The 18 times greater risk ratio in about 1 percent — 


i 


of healthy men with both any conventional risk factor and two or more 
exertional risk predictors is not altered by age. | 


may account for the frequent occurrence of false positive 
S-T responses and therefore lower specificity of this - 
single diagnostic criterion noted previously.9-!? | 

Clinical implications: In view of our findings, we | 
propose guidelines for more rational clinical use of ex- _ 
ercise testing (Fig. 10). Thus, we suggest limiting exer- — 
cise testing in asymptomatic healthy men with a nega- : 
tive personal history and a normal physical and 12 lead 
electrocardiographic examination only to those who also 
have conventional risk factors. This statement applies 
to prediction purposes only; an initial symptom-limited — 
maximal exercise test is still important to establish a 
baseline of functional performance and limitations to — 
ascertain the amount of changes in any subsequent test — 
of the same person at some future time. The validity of 
this proposal is supported by tests of significance of the — 
exertional risk predictor count used in Cox's multivar- 
iate model. In Table IV the risk predictor count is sig- - 
nificantly related to the rate of primary coronary heart — 
disease events, even after adjusting for the effect of age, - 
in those with one or more conventional risk factors. 
However, in those with no conventional risk factors, the - 
same analysis results in the exertional risk predictor 
count not being significant. 











TABLE IV 


Tests of Significance (p values) for Predictors of Primary 
Coronary Heart Disease Events in Healthy Men* 


Conventional 
Risk Factors 


+ ar ta s dw 


Present Absent 
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Exertional risk predictors 8.3 X 10^? 3.6 X 107! 
Age 6.7 X 107? 2.4 X 107" 


* Assessed with Cox's multivariate model. 
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Only one man experienced a primary event within the 
Ist year of clinical examination (Fig. 9). The additional 
value of risk factor appraisal and detection of exertional 
risk predictors is that about 1 percent of men at sub- 
stantially high risk for primary events within 5 years are 
more readily identified. In such men case fatality rate 
is 8 percent for all ages, and 25 percent for men 55 or 
more years of age. These data suggest that identification 


of such initially healthy men may provide ample time 
for additional investigations and appropriate risk factor 
intervention. The need for and value of controlling risk 
factors as a strategy for reducing the incidence of cor- 
onary heart disease are firmly established.25 The po- 
tential value of exercise testing in motivating men to 
modify adverse health habits? needs further explora- 
tion. 
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Clinical Utility of Two Dimensional Echocardiography in 
Infective Endocarditis 


The relative value of M mode and two dimensional echocardiography for 
detecting masses associated with endocarditis was assessed in 58 pa- 
tients with clinically suspected intracardiac infection. Original M mode 
and two dimensional reports were retrospectively classified as showing 
(1) a mass lesion, (2) an abnormality not specifically a mass, (3) no mass, 
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or (4) a technically inadequate study. None of the 15 patients without 
endocarditis had an intracardiac mass recorded on echocardiography. 
In 36 of the 43 patients with confirmed endocarditis technically adequate 
M mode studies and reports were available. Five (14 percent) of the 36 
M mode studies showed a mass, 12 showed a more nonspecific abnor- 
mality and 19 showed no mass. Adequate two dimensional studies were 
available in 42 of the 43 cases. Thirty-four (81 percent) of these studies 
showed a mass, seven showed a more nonspecific abnormality and one 


showed no mass. Two dimensional studies were specially helpful in pa- 


tients with a mass on a prosthetic valve or the tricuspid valve. 
Clinical follow-up examination showed that 17 of the 34 patients with 


a mass seen on two dimensional echocardiography underwent urgent — 


surgery for clinical indications; 4 more underwent surgery later after full 
medical treatment. Thirteen of the original 34 patients with a recordable 
mass were treated with antibiotic drugs alone. The conservative use and 


interpretation of the M mode echocardiograms in this study made them | 


inferior to two dimensional studies as aids in the confident recognition of 
intracardiac masses associated with infective endocarditis. The presence 
of such masses does not in itself require surgical intervention nor does 
it predict the ultimate course of the patient. 


The development of effective antibiotic therapy, coupled with advances 
in cardiac surgery, has dramatically improved the outlook for patients 
with infective endocarditis. A sensitive noninvasive method to detect, 
localize and measure infective valve lesions would be potentially useful 
in the present era of aggressive therapy. Patterns typical for intracardiac 
masses associated with infective endocarditis have been described with 
one dimensional or M mode echocardiography.'-? Two-dimensional 
echocardiography might provide increased detection of such masses 
because the method permits the form, size and motion of these masses 
to be recognized in two dimensions.!9-1? 

To explore the relative value of M mode and two dimensional echo- 
cardiography in detecting masses associated with endocarditis, we as- 
sembled a review of the clinical experience at this institution. We hoped 
to (1) assess the accuracy of two-dimensional echocardiography in de- 
tecting masses in the presence of endocarditis, and (2) assess retro- 
spectively the role played by two dimensional echocardiographic studies 
in the clinical management of these patients. Additionally, potential 
limitations and sources of error in the recognition of, or exclusion of, 
intracardiac masses in this setting using two dimensional echocardiog- 
raphy were sought. 
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Methods 


Patients: A total of 58 patients originally seen with sus- 
pected endocarditis and undergoing M mode or two dimen- 
sional echocardiography, or both, observed over a 2 year period 
in our laboratory had subsequent confirmation of the presence 
or absence of endocarditis with consistently positive cultures, 
or surgical observations or pathologic examination. In these 
patients the medical records were reviewed for the original 
prospective reading of echocardiograms, angiocardiograms 
and other data. 

Interpretation of echocardiograms: The M mode and 
_ two dimensional studies had been performed within 2 hours 
: of one another in two separate areas within the Stanford 
. noninvasive laboratories with separate personnel performing 

and interpreting the two forms of echocardiography. Neither 

procedure was consistently performed before the other pro- 
cedure but no effort had been made to totally isolate the two 
groups performing echocardiography from the information 
generated by the other group. During this period highly skilled 
technical personnel performed quality control of the M mode 
echocardiograms; three of us (RPM, HR, RLP) performed all 

of the two dimensional echocardiograms. The laboratory di- 

rector was responsible for the final interpretation of the M 

mode echocardiograms; final reporting of the two dimensional 

studies was the responsibility of any one of us. 

For the purpose of this current review the original official 
interpretations of the studies were classified into four cate- 
gories: 

1. The original interpretation clearly indicated the presence 

. of an intracardiac mass lesion. 

2. The original interpretation indicated an abnormality, 
but the abnormality was not specific for the presence of an 
intracardiac mass. 

3. The original interpretation indicated no abnormality or 
specifically reported the absence of an intracardiac mass, or 
both. 

4. The original study was technically inadequate for deci- 
sions regarding an intracardiac mass. 

The objective and subjective criteria for these diagnostic 
categories will be discussed later because we cannot state that 
uniform criteria were prospectively applied. Nevertheless, a 
discrete circular or irregular mass of echoes not corresponding 
to known anatomic structures or a mass of echoes apparently 
attached to a valve leaflet was considered diagnostic of an 

. intracardiac mass on two dimensional echocardiography. 

Echocardiographic technique: Conventional M mode 

echocardiograms were performed using commercially avail- 


. TABLE | 


Results of Echocardiography in 43 Patients With 
Infective Endocarditis 











Echocardiography 
| M Mode Two Dimensional 
(n) (n) 
Not available or 2/43 — 
l not classified 
-Technically inadequate 5/41 1/43 
; Intracardiac mass 5/36 (1496) 34/42 (81%) 
Abnormal study * 12/36 (3396) 7/42 (1796) 
| (intracardiac mass +/—)* 
No mass 19/36 (53956)! 1/42 (296) 


* Intracardiac mass included as one possible cause of the abnor- 
mality noted; * 13 of these 19 patients with a negative M mode study 
. hada positive two dimensional study. 
| n — number of patients. 
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able standard equipment including 2.25 megahertz trans- 
ducers, strip chart recording of the ultrasonic data and the M 
mode sweep method for exploring the left side of the heart. 
Attempts to record the tricuspid and pulmonary valves were 
noted for all patients. Two dimensional echocardiography was 
performed using a clinical prototype or commercially available 
wide angle phased array sector scanner (Varian V-3000, 
Varian Associates) or wide or narrow angle mechanieal sector 
scanner (Smith-Kline Instruments EkoSector I). In these 
patients, two dimensional echocardiograms were obtained 
with the transducer at the anterior parasternal area and ad- 
ditional views were obtained from the apical or subcostal 
transducer positions. 14 

Static images of dynamic two dimensional echocardiogra- 
phy inadequately convey the substance of the images used for 
diagnosis of lesions such as those discussed here. The expe- 
rienced echocardiographer usually makes decisions about the 
dynamic images on the basis of motion patterns of possible 
masses, an integrated mental image of the size and shape of 
the structure and some impression of the character of the 
echoes forming the image. Thus the stop action Polaroid® 
pictures of these two dimensional images included as illus- 
trations in this report only partially convey the information 
we wish to convey. 


Results 


Patients proved not to have infective endocar- 
ditis: Of the 58 patients originally judged to have pos- 
sible infective endocarditis on clinical examination, 15 
were ultimately considered not to have endocarditis. In 
these 15 patients there was no suspicion of an intra- 
cardiac mass on echocardiography (no false positive 
results). M mode studies showed no abnormality in 10 
of these 15 patients and the studies were technically 
inadequate for interpretation in the remaining 5. Two 
dimensional echocardiograms were interpreted as def- 
initely showing no intracardiac mass in 14 of the 15 
patients; one study was technically inadequate for in- 
terpretation. 

Patients with proved endocarditis: T'he remaining 
43 of the 58 patients with clinically suspected endo- 
carditis subsequently had confirmation of endocarditis. 
Infective masses were localized to a single site in each 
case: aortic valve, 13 patients; mitral valve, 10; tricuspid 
valve, 7; prosthetic aortic valve 3; and prosthetic mitral 
valve, 9; in 1 patient the mass was an infected left ven- 
tricular thrombus. Table I shows the results of echo- 


TABLE Il 


Encocarditis in Clinically Difficult Situations: Tricuspid 
Lesions (seven patients) 


Echocardiography 
M Mode Two Dimensional 
(n) (n) 
Technically inadequate 2/7 0/7 
Intracardiac mass — 6/7 (86%) 
Abnormal study * 1/5 (2096) 1/7 (1496) 
No mass 4/5 (8096)! — 


* Intracardiac mass included as one possible cause of the abnor- 
mality noted; ! four of four patients had a mass on two dimensional 
echocardiography. 

= number of patients. 
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cardiography in the 43 patients with infective endo- 
carditis. In 2 of the 43 the M mode echocardiographic 
report was not currently available or we could not 
classify it with respect to the original interpretation 
thus, 41 patients had an available M mode report. Five 
of the 41 had a technically inadequate study. Of the 
remaining 36 patients, an intracardiac mass was indi- 
cated in 5 (14 percent), an abnormality of some type was 
noted in 12 (33 percent) and no abnormality was de- 
tected in 19 (53 percent). One of the 43 two dimensional 
studies was considered technically inadequate, 34 (81 
percent) were considered to show a mass, 7 (17 percent) 
showed some abnormality, and 1 was interpreted as 
negative for an intracardiac mass. 

M mode versus two dimensional echocardiogra- 
phy: Many of the M mode echocardiographic reports 
included statements such as “the mitral valve is ab- 
normal and consistent with valve thickening, fibrosis 
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or calcification of the valve, or an intracardiac mass 
attached to the valve" (Fig. 1). When such readings 
(here included in the abnormal but not diagnostic cat- 
egory) were combined with M mode reports definitely 
suggesting an intracardiac mass, 17 (47 percent) of 36 
patients had some type of abnormality. In contrast, 34 
(81 percent) of 42 patients were reported to have a 
definite intracardiac mass on two dimensional study; 
when this group is combined with those having a specific 
mass or abnormal two dimensional study, 98 percent 
had some abnormality. Thirteen (68 percent) of 19 pa- 
tients without an abnormality detected on M mode 
echocardiography had an intracardiac mass recognized 
on two dimensional study. 

We noted the largest disparity between the M mode 
and two dimensional reports in patients with a mass on 
the tricuspid valve or on a prosthetic valve (Tables II 
and IID. These two subsets of patients were responsible 


FIGURE 1. Vegetation on anterior mitral leaflet. 
Top panel, M mode echocardiogram recording 
motion of the mitral valve anterior leaflet (AL) and 
posterior leaflet (PL). The anterior leaflet appears 
thickened (arrows) and was interpreted as ab- 
normal but not diagnostic of a mass on the valve. 
Bottom panel, two dimensional echocardiogram 
in this patient showing anterior long axis (left) and 
short axis (right) views. A discrete set of echoes 
(arrows) is noted attached to the anterior mitral 
leaflet (al). These echoes are on the lateral portion 
of the valve (in the short axis view) so a single M 
mode beam could partially miss recording them. 
AO = aorta; A-V = atrioventricular; ECG = 
electrocardiogram; IV = interventricular; LA = left 
atrium; LV = left ventricle; PA = pulmonary artery; 
RV = right ventricle; RVOT = right ventricular 
outflow tract. j 
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TABLE Ill 


Endocarditis in Clinically Difficult Situations: 
Prosthetic Valves 








Aortic (n = .3) 
(2 bioprostheses, 
1 caged ball Mitral (n — 9) 
prosthesis) (9 bioprostheses) 
M Mode 2D M Mode 2D 
Not done 1 — 1/9 — 
Technically inadequate 1 —- -- -- 
Intracardiac mass — 3/3* 1/8(13%) 8/9 (8996) 
Abnormal study? 1 s= = 1/9 (11%) 
No mass — — 7/8 (8896) = 


* Three of three patients had a mobile mass; t intracardiac mass 
included as one possible cause of the abnormality noted; * seven of 
seven had a mass on two dimensional echocardiography. 

2D — two dimensional. 


for the majority of false negative M mode studies. Two 
of the seven patients with a tricuspid valve mass had a 
technically inadequate M mode study (Table II); of the 
five patients with a good M mode study one had an ab- 
normality and the remaining four had no abnormality 
of the tricuspid valve detected with this technique. In 
contrast, the two dimensional echocardiogram of these 
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seven patients showed a nonspecific abnormality in one 
patient but a mass on the tricuspid valve in the re- 
maining six. All four patients without a recognizable 
mass on M mode study had a mass on the tricuspid 
valve recognized with two dimensional echocardiogra- 
phy. In patients with a prosthetic valve, two dimen- 
sional echocardiograms showed a definite mass on the 
valve in all three patients with aortic vegetations, 
whereas the M mode study indicated an abnormality 
in only one of these three patients and the finding was 
considered diagnostic not of a mass but of thickened 
valve cusps (Table III). Among the nine patients with 
a mitral valve prosthesis the two dimensional study 
indicated a mass on the prosthesis in eight (89 percent) 
and an abnormality not diagnostic of a mass in one. M 
mode studies were available in eight of these nine pa- 
tients and indicated no abnormality in seven and a 
definite mass on the valve in one (Fig. 2). 

Role of echocardiography on clinical manage- 
ment: The impact of echocardiography on the clinical 
course of these patients was assessed by review of the 
medical records of the 43 patients with a final diagnosis 
of infective endocarditis. In 33 of these patients the 
physician managing them had recorded considering 
angiography to establish the location and diagnosis of 
an intracardiac mass or to assess ventricular function, 





FIGURE 2. Vegetation on a bioprosthetic mitral valve. Top 
panel, M mode echocardiogram recording the bioprosthetic 
mitral valve (MV). Multiple echoes within the valve were 
originally interpreted as abnormal and compatible with either 
cusp thickening or a sessile mass within the valve. Bottom 
panel, two dimensional echocardiogram in this patient in an 
anterior long axis view. A mobile set of echoes (arrow) is 
noted near the posterior lateral stent (S,) of the bioprosthetic 
valve. IVS — interventricular septum; PP — patients initials; 
PW = posterior wall; other abbreviations as in Figure 1. 


or both, before echocardiography was performed. An 
intracardiac mass was noted on two dimensional study 
in all 33 patients, and qualitative judgment about ven- 
tricular function was offered in these reports. On the 
basis of the patient's clinical condition and the addi- 
tional information provided by the two dimensional 
echocardiogram, the primary physician decided angi- 
ography was not necessary in 22 of 33 patients. In 3 of 
11 patients subsequently undergoing angiography, an 
intracardiac mass was recognized, but in none of these 
3 patients did the information provided alter the 
preangiographic diagnosis or decision on therapy. 

The clinical course of our 43 patients with infective 
endocarditis is illustrated in Figure 3. All seven pa- 
tients with a nonspecific abnormality on two dimen- 
sional echocardiography as well as the patient whose 
study showed no mass and the one who had a technically 
inadequate study were initially treated medically. In 
addition, 17 of the 34 patients whose two dimensional 
study revealed an intracardiac mass had initial medical 
therapy, the other 17 underwent urgent surgery on the 
basis of their clinical course primarily and the two di- 
mensiona! study secondarily. Eight of the 26 patients 
initially given medical therapy had serial two dimen- 
sional studies; 4 of the 8 ultimately had surgery for 
clinical symptoms and 4 continued their medical 
treatment (Fig. 4). Thus, of the original 43 patients with 
endocarditis, 21 eventually underwent surgery and 22 
were treated medically. Twenty-one of 34 patients 
whose two dimensional study indicated an intracardiac 
mass had surgery. This group included four (80 percent) 
of the five patients with an intracardiac mass noted on 
the M mode study and 7 (30 percent) of the 19 patients 
without an abnormality on the M mode study. 

In each of the 21 surgical cases the location of the 
mass noted on echocardiography was confirmed at 
operation. The size of the lesion was not finely quanti- 
tated on the original study or at operation, but echo- 
cardiography generally overestimated the size of the 
mass found at operation. 
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FIGURE 4. Serial two dimensional Seans (anterior short axis view) in a patient with tricuspid valve endocarditis. The initial study (A) 
showed a large mass of echoes (T. Veg) moving with the tricuspid valve leaflets. Nine days later (B), the size of the mass or extent of echo production 
was markedly-diminished. Six months later (not shown) there was no evidence of a mass on the tricuspid valve. a — anterior; ao — aorta; | — left; 
p = posterior: r = right; ra = right atrium. 
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43 pts. 
2-DE Veg. (+) Veg. (-) Veg. (+/-) T.H 
P WoW Neri 
Initial Rx Surgery Medicine 
17 Veg. (4) 17 Veg. (+) and 9-26 
Serial 2-DE 
8 Veg. (+) 
4 
4 
Final Rx Surgery” Medicine 
21 Veg. (+) 13 Veg. (+) and 9=22 


FIGURE 3. Clinical course of the 43 patients with infective endocarditis 
treated surgically and medically. Rx = treatment; 2DE = two dimen- 
sional echocardiogram; T.I. = technically inadequate; Veg = vegetation; 
(+) = positive; (—) = negative.* This group included 80 percent (4 of 
5) of patients whose M mode study was positive for vegetations and 30 
percent (7 of 19) of those whose M mode study was negative for veg- 
etations. 


Discussion 


Echocardiographic diagnosis of valve mass or 
vegetation: Our retrospective analysis suggests a re- 
luctance on the part of the original interpreters of M 
mode studies to label vegetations or intracardiac masses 
as an isolated diagnostic category. Striking examples of 
vegetations have been noted in our laboratory in the 
past and were evident in 5 of our 36 patients whose M 
mode study was adequate for interpretation (Fig. 5). 
Less striking abnormalities often were conservatively 
interpreted as compatible with vegetations or valve 
thickening or redundancy of the valve or a nonspecific 
abnormality (Fig. 1). The mitral valve abnormalities 
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V 5. M mode —áQ in a patient with infective endo- 
carditis. This study was considered diagnostic of a mass (left arrow) 
attached to the posterior mitral leaflet. Cephalad to the level of the 
posterior leaflet (leftward in this record) the dense ''shaggy'' echoes 
are seen in systole (SYST), bu: they move like those of the posterior 
leaflet and appear in diastole (DIAST) at a more caudad or apical level 
(right arrow). Abbreviations as in Figure 2. 


were given very conservative reading in most cases be- 
cause of our experience over the years with a wide 
variation on M mode study in apparently noninfected 
valves. Patients with myxomatous degeneration of the 


.. mitral valve often show patterns duplicating vegeta- 


tions. In contrast, the two dimensional studies in our 
present series were usually interpreted as definitely 
showing a mass within the heart or as showing an ab- 
normality suggestive of a mass attached to a valve. Such 
consistent differences in reading policy will affect a 
retrospective review of this type. 

The interpretation of both M mode and two dimen- 
sional studies is partly subjective. Such terms as 
“shaggy,” “fluffy” and “soft,” used previously for the 
recognition of vegetations on M mode study, may be 
variably applied by those coining the terms and those 
generally using them. The experience of the interpreter 
governs the application of these terms. Nevertheless, 
a discrete circular or irregular mass of echoes not cor- 
responding to known anatomic structures or a mass of 
echoes apparently attached to a valve leaflet did not 
often lead to an equivocal interpretation in our present 
series. Many of the masses noted on two dimensional 
echocardiography had a chaotic motion that was inde- 
pendent of the surrounding myocardium or valve 
structure and thus the examiner's attention tended to 
be called to it. Often the intracardiac masses attached 
to valve leaflets had a low frequency oscillation, giving 
the subjective appearance of a semisolid mass with 
multiple scintillating or trailing edges as the tissue 
moved. The ability of two dimensional echocardiogra- 
phy to display a broad dynamic range (multiple am- 
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plitudes of returning echoes) giving a gray scale pre- 
sentation helped the examiner to separate a mass from 
the leaflet tissue. 

The echocardiograms of many patients with rheu- 
matic valve disease show high intensity echoes reflecting 
from the leaflets. In our experience these echoes are 
seldom interpreted as a discrete intracardiac mass. The 
studies of patients with mitral valve prolapse or myx- 
omatous degeneration of the mitral leaflet, or both, may 
show excessive leaflet echoes uniformly distributed 
within the valve that may be difficult to distinguish 
from the “soft” echoes of vegetations. Obviously the 
clinical setting in which the patient is examined is im- 
portant to the overall interpretation of the echocar- 
diographic findings by the referring physician. 

Diagnostic accuracy of two dimensional versus 
M mode echocardiography: This retrospective review 
of patients with clinically suspected infective endo- 
carditis suggests that two dimensional is superior to M 
mode echocardiography in yielding a confident identi- 
fication of the presence of an infective mass within the 
heart. Masses located in the recesses of the valve or near 
the commissures are more readily recognized in the two 
dimensional than in the M mode study, apparently 
because of the wide angle view available with two di- 
mensional techniques. In specific patients in whom 
there is limited access to the heart because of overlying 
lung tissue, apical or subcostal transducer positions 
provide extra information that is interpreted with less 
difficulty than is possible with M mode methods. The 
proportion of patients with clinically suspected endo- 
carditis whose diagnosis was confirmed with M mode 
echocardiography is smaller in our study than that re- 
ported previously.!?!? The quality control of our M 
mode studies was excellent and their final readings were 
supervised by an experienced echocardiographer. 
Nevertheless, their thoroughness might have varied 
because multiple cardiologists-in-training had primary 
responsibility for performing the M mode studies re- 
viewed. Three experienced echocardiographers con- 
sistently performed the two dimensional studies. This 
difference may partly explain the differences in diag- 
nosis obtained in the two types of study. In addition, a 
basic conservatism in reading M mode compared with 
reading of the two dimensional studies was suspected. 
Nevertheless, the ability of two dimensional studies to 
sample more of the heart and to visualize the tricuspid 
or prosthetic valve with more ease appear to be major 
advantages over the M mode studies. Obviously our 
experience is weighted toward bioprosthetic valves and 
these data may not be directly applicable to assessment 
of mechanical prostheses. The recent series by Wann 
et al.!? included very few patients with prosthetic valves. 
Of the 43 patients with proved endocarditis in our study, 
19 had endocarditis of either the tricuspid or a pros- 
thetic valve. These are groups in which the M mode 
technique seems especially inferior to the two dimen- 
sional technique. Also, we have found an increased 
ability to record echoes from intracardiac masses with 
the M mode technique once their presence and location 
is recognized by two dimensional imaging. The sequence 
of use of these two echocardiographic methods, and 
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persistence in attempts to record M mode studies from 
the area of masses noted on two dimensional images in 
other laboratories, is not clear from published arti- 
cles. 

Role of echocardiography in decision for surgery: 
As in other studies,!?:!? our results do not support the 
premise that visualization of masses within the heart 
in the setting of infective endocarditis necessitates 
surgical intervention. Half of our patients with an in- 
tracardiac mass on two dimensional study could be 
initially treated medically. Thirteen of 34 patients with 
a mass detected with the two dimensional method have 
not needed surgical intervention in the 2 year follow-up 
period (Fig. 3). In the critically ill patient with suspected 
or proved endocarditis, M mode and two dimensional 
echocardiography may importantly aid therapeutic 
decisions. The location of vegetations and the general 
quality of left ventricular contraction can be assessed 
with these methods. Patients with acute and severe 
aortic regurgitation may show early diastolic closure of 
the mitral valve, which is best recognized with M mode 
methods. This sign usually denotes such severe hemo- 
dynamic derangement that patients with this finding 
can be expected to have a clinical course requiring ur- 
gent surgery. Patients with ruptured valve leaflets in the 
aortic, tricuspid or mitral region occasionally may be 
specifically recognized with the echocardiographic 
methods. Rocking of a prosthetic valve may denote 
dehiscence of the valve in the presence or absence of 
masses representing endocarditis. Such additional in- 
formation from the echocardiographic studies was not 
tabulated in our series.!? 

Limitations of echocardiographic studies: The 
most obvious limitation of M mode or two dimensional 
echocardiographic studies is the lack of quantitative 
diagnostic criteria for active infective vegetations. 
Currently, diagnosis of such lesions using specific M 
mode or two dimensional instruments can be based only 
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on extensive experience with the spectrum of apparently 
normal valves versus those with proved endocarditis. 
The potential for spurious echoes to appear within the 
heart is well recognized,but can be minimized as a di- 
agnostic problem when multiple views of the heart are 
obtained. When the ultrasonic transducer is placed in 
various locations around the thorax (parasternal, apical, 
subcostal), most spurious echoes will be seen in only a 
single view, whereas most masses will be consistently 
visualized. Finally, very high instrument gain settings 
may cause blooming of the oscilloscope-generated im- 
ages with blurring of the structures presented on the 
oscilloscope. Very bright images of this type are difficult 
to interpret. Because many systems used for two di- 
mensional imaging include videotape recording and a 
television camera, persistence or “after image" associ- 
ated with such television images can be a problem. 
Structures such as the heart valves may give the ap- 
pearance of echoes trailing off the edge of the rapidly 
moving structure. The operator must become familiar 
with this effect in order not to confuse it with images of 
intracardiac masses associated with infective endocar- 
ditis. 

Conclusions: Our use and experienced interpretation 
of M mode echocardiography indicated that this tech- 
nique is inferior to two dimensional echocardiography 
for the confident recognition of intracardiac masses 
associated with infective endocarditis. The recognition 
of these masses can be an important aid in clinical 
management, but their presence in itself does not re- 
quire surgical intervention or predict the ultimate 
course of the patient. 
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A distinct geometric pattern is described in patients whose M mode 
echocardiogram falsely indicates asymmetric septal hypertrophy. 
Sixty-four patients were referred because of clinically suspected idiopathic 
hypertropic subaortic stenosis. Thirty-six of these patients had M mode 
echocardiograms showing asymmetric septal hypertrophy (septal/free 
wall ratio 1.3 or greater). On two dimensional study, only 16 of the 36 had 
this finding; each of the remaining 20 had a normal interventricular septum. 
The apparent asymmetric septal hypertrophy on M mode echocardiog- 
raphy was due to anterior angulation of the septum: The thickness of the 
septum was exaggerated because of its oblique orientation with respect 
to the path of the single dimensional echocardiographic beam. This an- 
terior direction of the septum was indicated by measuring the angle be- 
tween the mid line axis of the aortic root and that of the septum. In patients 
with apparent asymmetric septal hypertrophy this angle was lower (97° 
+ 2.6° [mean + standard error of the mean] than in patients with true 
asymmetric septal hypertrophy (124° + 2.9°, p <0.001) or in normal 
subjects (128° + 1.9?, p «0.001). 

M mode echocardiograms were similar in the groups with apparent and 
true asymmetric septal hypertrophy with respect to septal velocity and 
percent thickening. The two groups were likewise similar with respect 
to clinical features (chest pain, palpitation, systolic murmur). The group 
with true asymmetric septal hypertrophy had a larger proportion of 
electrocardiographic abnormalities. Because of limitations in technique, 
M mode echocardiography may allow overdiagnosis of asymmetric septal 
hypertrophy in certain patients. When a more secure diagnosis of this 
abnormality is necessary, two dimensional echocardiography is 
helpful. 


Within the last decade, ultrasonic methods have contributed greatly to 
the understanding of cardiac anatomy and function. Echocardiography 
enjoys wide acceptance as a relatively accurate technique for measuring 
ventricular wall thickness and, therefore, as a sensitive method for 
diagnosing disproportionate thickening of the interventricular septum, 
or asymmetric septal hypertrophy.! Asymmetric septal hypertrophy 
is regarded by many as an essentially anatomic lesion within the spec- 
trum of hypertrophic cardiomyopathy. In many centers M mode 
echocardiography is the primary method for diagnosing this abnormality 
and is used as a screening tool for its detection in various groups, in- 
ending relatives of patients with proved hypertrophic myocardial dis- 
ease.? 

Several investigators? have recognized problems that can limit both 
the accuracy and precision of M mode echocardiographic measurements 
of cardiac dimensions. These potential sources of error have particular 
importance with regard to the estimation of wall thickness, especially 
that of the interventricular septum, and represent diagnostic pitfalls that 
may lead to the erroneous impression of asymmetric septal hyper- 
trophy. 


In this paper we report a distinct geometric pattern 
occasionally observed in subjects whose M mode echo- 
cardiogram indicates asymmetric septal hypertrophy, 
but whose two dimensional sector scan demonstrates 
a normal interventricular septum. In these cases, the 
thickness of the septum is exaggerated in the M mode 
scan because of its oblique orientation relative to the 
interrogating echocardiographic beam, a condition that 
is apparent only after two dimensional cross-sectional 
echocardiographic examination. 


Methods 


Study subjects: We reviewed all cardiac ultrasonic studies 
performed over a 10 month period in the Stanford University 
Noninvasive Laboratory. A total of 1,279 M mode and 618 two 
dimensional echocardiograms were obtained during this pe- 
riod. Seventy patients had been referred with the clinical di- 
agnosis of possible idiopathic hypertrophic subaortic steno- 
sis. All 70 patients had an M mode echocardiogram. Those 
patients who had an abnormal M mode study either in our 
laboratory or in that of the referring physician underwent a 
two dimensional echocardiographic study. In addition, five 
patients who had a normal M mode study underwent a two 
dimensional study at the referring physician's request. Of the 
70 referred patients, 64 were judged to have had a technically 
adequate study (M mode alone or both M mode and two di- 
mensional). To compare the anatomy of the study group as 
assessed in two dimensional echocardiography with that of 
other patients, 17 sector scans were randomly selected from 
patients termed “laboratory controls." In this latter group 
the scans were judged to reveal the following findings: normal 
(five patients), idiopathic hypertrophic subaortic stenosis 
(three), concentric left ventricular hypertrophy (three), 
ischemic heart disease (two), bicuspid aortic valve (two) and 
aortic insufficiency (two). The hospital records or the clinical 
history as obtained from referring physician or patient, or 
both, were reviewed for presenting symptoms, physical find- 
ings and electrocardiographic abnormalities in all subjects. 


Echocardiographic Techniques 


M mode echocardiograms: These were performed with 
a Smith-Kline Ekoline 20A Ultrasonoscope with switched gain 
circuitry, using a 0.5 inch (1.27 cm) diameter, 2.25 megahertz 
- transducer with 5 cm beam collimation. Recordings were made 
on an Irex 101, Ekoline 21 or Honeywell 1856 strip chart re- 
corder. Patients were examined in the supine or left lateral 
decubitus position. M mode studies of the left ventricle and 
mitral valve were performed according to the T scan technique 
originally proposed by Henry et al? The interventricular 
septum and left ventricular posterior wall thickness were 
measured at the level of the chordae tendineae, with use of the 
leading edge method as recommended by the Committee on 
M-mode Standardization of the American Society of Echo- 
cardiography.!? For wall thickness measurements, the 
transducer was always held in a standard interspace, defined 
in this laboratory as the position allowing recording of the 
anterior mitral leaflet with the transducer held perpendicular 
to the chest wall.!! M mode studies were judged technically 
adequate and acceptable for review if they displayed right and 
left endocardial surfaces of the interventricular septum and 
endocardial and epicardial surfaces of the left ventricular 
posterior wall. 

M mode echocardiographic wall motion and thickness were 
analyzed with use of previously described methods.!?.!3 
Briefly, the mean velocities of the endocardial surfaces of the 
septum and posterior wall were obtained by measuring the 
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distance and time between the end-diastolic point and the 
point of maximal systolic excursion for the two surfaces, and 
expressed as millimeters per second. The percent thickening 
(%T) was calculated from the septal and posterior wall 
thicknesses at end-diastole (T4;4,) and end-systole ( Tays) ac- 
cording to the formula: %T = [(Tsys — Taias)/Taias} X 100. 

Two dimensional echocardiograms: These were obtained 
with a Varian V-3000 Ultrasonograph wide angle phased array 
sector scanner with calibrated distance markers for X and Y 
axes. Studies were recorded and reviewed on a 1 inch (2.54 cm) 
videotape system. Patients were examined in the supine or left 
lateral positions, with the two dimensional transducer held 
in a standard interspace, as described before. Studies were 
performed in a manner previously described.!4^-16 Two di- 
mensional echocardiograms were accepted for review if they 
displayed both surfaces of the interventricular septum and 
left ventricular posterior wall, and if they displayed, in the 
same long axis plane, the septum, posterior wall, mitral leaflets 
and the aortic root at the level of the aortic valve anulus, the 
sinuses of Valsalva and at least 1 cm above the sinuses of 
Valsalva. 

Wall thickness measurements were made from two di- 
mensional echocardiograms according to the following 
technique: (1) Polaroid? photographs were taken directly from 
the video screen for suitable end-diastolic stop frame segments 
of the two dimensional studies; (2) from 3.25 X 4.25 inch 
prints, the septal and posterior wall thicknesses were mea- 
sured between leading edges of each wall through perpen- 
dicular lines drawn at the level of the mitral leaflet tips (Fig. 
1. 

The angle between the interventricular septum and aortic 
root was determined as follows: (1) Photographic prints were 
obtained as described earlier; (2) long axis stop frame images 
were selected at end-diastole showing the widest sections of 
aortic root and left ventricle simultaneously, including both 
endocardial surfaces of the septum, endocardial and epicardial 
surfaces of the left ventricular posterior wall, mitral valve 
leaflets and the aortic root from the aortic valve anulus to at 
least 1 cm above the sinuses of Valsalva; (3) the mid line axis 
of the aortic root was constructed by bisecting the root at the 
level of the aortic anulus and at a level at least 1 cm above the 
sinuses of Valsalva; (4) the mid line axis of the septum in the 
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FIGURE 1. Long axis two dimensional — illustrating the 
method for measuring from a two dimensional image the thicknesses 
of the interventricular septum (IVS) and left ventricular posterior wall 
(LVPW). 
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FIGURE 2. Long axis two dimensional echocardiogram illustrating the 
method for measurement of o (arrow), the angle between the mid line 
of the aortic root and that of the interventricular septum. See text for 
details. 


selected long axis plane was constructed by bisecting the 
septum at the level of the mitral leaflets and 2 cm apically 
from that point; and (5) the angle subtended by these two mid 
lines was measured with a standard transparent goniometer 
(Fig. 2). This angle, termed “‘a,” was used as a measure of the 
obliquity of the septum with respect to the ultrasonic beam. 
The mid line axis of the aortic root was selected for measure- 
ment of the angle because it was shown to be a relatively 
constant internal reference line: the angle between it and the 
septum did not vary with changes in transducer angulation, 
operator or times of examination. 

Statistical analysis: Results were analyzed for statistical 
significance using Student's t test for paired or grouped data 
where appropriate. For assessment of the statistical signifi- 
cance of differences in proportions between two groups, the 
standardized normal deviate was calculated. Data are ex- 
pressed as mean values + standard error of the mean. 


TABLE | 


Comparison of M Mode and Two Dimensional 
Echocardiographic Findings in Patients With M 
Mode-Determined Asymmetric Septal Hypertrophy 


M Mode Two Dimensional 
IVS (mm) IVS/LVPW IVS (mm) IVS/LVPW 
True Asymmetric Septal Hypertrophy (n — 16) 
27 X 1.5 2.19 + 0.14 27+ 1.4 2.12+ 0.14 
(16-38) (1.3-3.2) (16-36) (1.3-3.3) 
Apparent Asymmetric Septal Hypertrophy (n = 20) 
19 + 0.5* 1.83* + 0.09 -12*t 0.5 1.06*t + 0.02 
(15-22) (1.3-3.0) (9-15) (0.8-1.2) 


* Significantly different from group with true asymmetric septal 
hypertrophy (p < 0.001). t Significantly different from values obtained 
with M mode echocardiography (p «0.001). 

Data are given as mean + standard error of the mean; numbers in 
parentheses represent the range of value for each group. 

bs = interventricular septum; LVPW = left ventricular posterior 
wall. 
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Results 


M mode echocardiographic assessment of septal 
and posterior wall thickness: Of the 64 patients re- 
ferred with “possible idiopathic hypertrophic subaortic 
stenosis” 36 had a septal/posterior wall ratio of 1.3 or 
greater. These 36 patients therefore satisfied the criteria 
of many centers for asymmetric septal hypertrophy. 
Their values for the ratio ranged between 1.3 and 3.2, 
and their measurements of absolute septal thickness 
ranged between 15 and 31 mm. Of the remaining 28 
patients with “possible idiopathic hypertrophic sub- : 


‘aortic stenosis,” 19 had an M mode echocardiogram 


interpreted as normal, with values for septal/posterior 
wall ratio ranging between 0.5 and 1.2 (mean 0.97 + 0.04) 
and septal thickness ranging between 5 and 12 mm 
(mean 8.7 + 0.4 mm). Six other patients with suspected 
hypertrophic subaortic stenosis had an M mode echo- 
cardiogram suggestive of aortic stenosis; their values for 
septal/posterior wall ratio ranged between 1.1 and 1.2 
(mean 1.2 + 0.04). The remaining three patients in this 
group included one patient with mitral valve prolapse, 
one with concentric left ventricular hypertrophy and 
one with parodoxical interventricular septal motion. In 
each of these patients, the thickness ratio was less than 
L5. 

Two dimensional cross-sectional echocardio- 
graphic assessment of septal and posterior wall 
thickness: Of the 36 patients with a septal/posterior 
wall thickness ratio of 1.3 or greater on M mode echo- 
cardiography, 20 had a normal ratio (less than 1.3) on 
two dimensional study. In this group, considered to have 
apparent asymmetric septal hypertrophy (Table I), the 
mean septal/posterior wall thickness ratio was 1.83 on 
M mode study but only 1.06 on two dimensional study, 
a difference that was statistically significant by paired 
t testing. Likewise, the values for septal thickness were 
significantly less for this group on two dimensional 
study. 

There were 16 patients with a septal/posterior wall 
thickness ratio of 1.3 or greater on both the M mode and 
the two dimensional study. This group was considered 
to have true asymmetric septal hypertrophy and had a 
mean ratio on two dimensional study of 2.12, which was 
similar to the mean of 2.19 found on M mode examina- 
tion (Table I). The value for interventricular thickness 
in this group was the same (27 mm) by both methods. 

Angle between aortic root and interventricular 
septum: The angle « between the mid line axis of the 
aortic root and that of the interventricular septum was 
lower (that is, more acute) for the 20 patients with ap- 
parent asymmetric septal hypertrophy than for any 
other group. Table II shows the mean value of this angle 
for four patient groups classified according to echo- 
cardiographic diagnosis as well as the group of 17 lab- 
oratory control subjects. The group with apparent 
asymmetric septal hypertrophy had a mean a of 97°, 
which was significantly lower than that in any other 
group. A slight degree of overlap was noticed: « for the 
group with apparent asymmetric septal hypertrophy 
ranged from 65° to 113°, whereas patients with true 
asymmetric septal hypertrophy had values as low as 
107°. Figure 3 shows a two dimensional echocardio- 
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FIGURE 3. A and B, two dimensional echocardiograms from a patient with apparent asymmetric septal hypertrophy. A shows in the long axis view 
the angle œ between the mid line of the aortic root (ao) and that of the interventricular septum (IVS). B shows the short axis view at the level of the 
left ventricle just distal to the tips of the mitral valve leaflets. In the long axis view, the true septal thickness and its ratio with respect to the thickness 
of the left ventricular posterior wall (Ivpw) is normal. In the short axis view, a cursor line represents the path of a single dimensional M mode ultrasonic 
beam, which would show a falsely thick interventricular septum as a result of obliquity with respect to the beam. C, M mode echocardiogram from 
the same patient, showing a falsely increased thickness of the interventricular septum. ECG = electrocardiogram. 


graphic study of one patient with apparent asymmetric 
septal hypertrophy who had an a value of 77° and 
normal septal thickness and septal/posterior wall ratio 
on cross-sectional study, although an M mode echo- 
cardiogram indicated a falsely increased septal thick- 
ness of 20 mm and a septal/posterior wall ratio of 2.0. 
Figure 4 shows an M mode echocardiogram of another 
patient with apparent asymmetric septal hyper- 
trophy. 

Clinical symptoms and signs: Table III lists the 
presenting symptoms and signs of the 36 patients with 
M mode-determined asymmetric septal hypertrophy. 
The groups with apparent and true asymmetric septal 
hypertrophy did not differ significantly with respect to 
proportion of patients having unspecified chest pain, 
any type of systolic murmur or palpitations. Statistical 


TABLE Il 


Aortic Root-Interventricular Septal Angle (œ) From Two 
Dimensional Echocardiogram 


Patients a (degrees) 

Group n Mean + SEM Range 
True ASH 16 124 +29 (107-142) 
Apparent ASH 20 97* + 2.6 (65-113) 
Normal 5t 128 £ 1.9 (122-132) 
Probable AS 6 fet 3b 2:5 (116-124) 
Laboratory controls 17 190 i 1.5 (120-140) 


* Significantly different from each of the other patient groups (p 
<0.001). ! Only 5 of the 19 patients with a normal M mode echo- 
cardiogram underwent two dimensional study. 

AS = aortic stenosis; ASH = asymmetric septal hypertrophy; SEM 
— standard error of the mean. 


analysis showed that the group with true asymmetric 
septal hypertrophy had a significantly higher proportion 
of patients with electrocardiographic abnormalities 
(arrhythmias or electrocardiographic evidence of left 
ventricular hypertrophy) compared with the patients 
with apparent asymmetric septal hypertrophy. 

Wall motion analysis by M mode echocardiog- 
raphy: Three groups were compared with respect to M 
mode-determined wall motion (Table IV). The groups 
with true and apparent asymmetric septal hypertrophy 
could not be distinguished by endocardial velocity or 
by percent thickening of the interventricular septum 
or posterior wall. Both groups had similarly abnormal 
septal mean endocardial velocity and percent thickening 
with values for each that were significantly lower than 
those in the normal group. Neither group differed from 


TABLE Ill 


Presenting Signs or Symptoms in Patients With M Mode- 
Determined Asymmetric Septal Hypertrophy 


Apparent ASH True ASH p 
(n=20) (n= 16) Value* 
Chest pain 11 (5596) 5 (3196) NS 
Systolic murmur 15 (7596) 14 (8896) NS 
Palpitations 5 (2596) 7 (4496) NS 
Arrhythmias 2 (1096) 6 (3896) «0.05 
LVH on ECG 1( 596) 7 (4496) «0.01 


* Statistical comparison between the groups with apparent and true 
asymmetric septal hypertrophy was performed using the standardized 
normal deviate. | 

ASH = asymmetric septal hypertrophy; LVH on ECG = evidence of 
left ventricular hypertrophy on electrocardiography; NS = not signifi- 
cant; p = probability. " 
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the normal group with respect to mean endocardial 
velocity or percent thickening of the left ventricular 
posterior wall. 

Discussion 


Our findings indicate that single dimensional echo- 
cardiography may give an erroneous impression of 
asymmetric septal hypertrophy in patients with normal 


TABLE IV 
Wall Motion Analysis on M Mode Echocardiography 


Wall Velocity (mm/s) Wall Thickening (96) 


Vivs Vivew  Vivs/Vivew Tivs Tivew —_ Tivs/Tivew 
True ASH 
16.3 49.0 0.33 17.2 66.7 0.24 
£ 3.2* +3.8 +0.04* +5.8* +8.8 +0.07* 
Apparent ASH 
13.5 42.6 0.34 12.3" 83.8 0.16 
11.7* 2.1 i0.03* +2.1 +9.7 +0.03* 
Normal Group 
34.1 43.1 0.80 63.6 66.4 1.05 
+1.3 +1.9 +0.03 +10.7 +12.1 +0.19 


* Significantly different from normal group (p <0.001). Data given 
as mean values + standard error of the mean. _ 
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FIGURE 4. M mode echocardiogram from a pa- 
tient with apparent asymmetric septa! hypertro- 
phy, taken from a standard interspace with the 
beam pointed just distal to the mitral leaflets. The 
interventricular septum (IVS) measures 1.8 cm in 
thickness (compared with 1.0 cm on two dimen- 
sional study). The septal/free wall ratio is 1.8 
(compared with 1.1 on two dimensional study). 
LVPW - left ventricular posterior well, ECG — 
electrocardiogram. 


interventricular septal thickness. It is striking that of 
64 patients referred for possible idiopathic hypertrophic 
subaortic stenosis, 20 (31 percent) had an M mode 
echocardiogram that could be incorrectly interpreted 
as showing asymmetric septal hypertrophy. These 20 
patients with apparent asymmetric septal hypertrophy 
represented 56 percent of the 3€ whose M mode echo- 
cardiographic studies disclosed a septal/posterior wall 
thickness ratio of 1.3 or greater. Our rather large pro- 
portion of patients with apparent asymmetric septal 
hypertrophy does not imply a similarly large prevalence 
of false positive diagnoses in the general population. 
Many of our patients with possible idiopathic hyper- 
trophic subaortic stenosis were referred by cardiologists 
and echocardiographers who are aware of the advan- 
tages of the two dimensional technique in assessing 
cardiac anatomy. Thus, patients with borderline 
asymmetric septal hypertrophy or with M mode find- 
ings as the major clinical abnormality might predomi- 
nate. Although M mode echocardiographers have rec- 
ognized that the left ventricle is not perfectly cylindri- 
cal, many have assumed that if it is measured along a 
standard axis through defined cardiac landmarks, the 
M mode-derived measurements of septal/posterior wall 
thickness ratio would be accurate. Figure 5 illustrates 
that along the usual beam axis for measurement of left 
ventricular dimensions, the “banana” shape of the left 
ventricle may prevent the interventricular septum and 





left ventricular posterior wall from being parallel. This 
oblique orientation relative to the ultrasonic beam ex- 
aggerates the thickness of the septum (Fig. 6). 

Our retrospective study is limited by its lack of 
findings from an alternative examination method that 
would correlate with the pattern observed on two di- 
mensional echocardiography. The anterior angulation 
of the interventricular septum is probably part of the 
normal variation in orientation of the heart within the 
chest. 

Features of groups with apparent and true 
asymmetric septal hypertrophy: There do not appear 
to be any features on the M mode echocardiogram that 
distinguish the group with apparent asymmetric septal 
hypertrophy. The thickness, endocardial velocity and 
percent thickening of the interventricular septum in 
these patients were similar to values in patients with 
true asymmetric septal hypertrophy. Thickness is ar- 
tificially increased because of the oblique orientation 
of the septum with respect to the echocardiographic 
beam. Velocity and percent thickening are artificially 
decreased for the following reason: With systole, the 
septum moves posteriorly and a increases; the inter- 
ventricular septum then is more perpendicular to the 
ultrasonic beam, and the systolic thickness of the sep- 
tum is not as exaggerated as in diastole. Although the 
mean septal/posterior wall thickness ratio of the group 
with apparent asymmetric septal hypertrophy was lower 
than that of the group with true asymmetric septal hy- 
pertrophy (1.83 + 0.09 versus 2.19 + 0.14, p <0.001), the 
overlap of values between the two groups prevented any 
distinction. 

The patients with apparent asymmetric septal hy- 
pertrophy in our study presented with symptoms and 
signs similar to those of the group with true asymmetric 
septal hypertrophy. Electrocardiographic abnormalities 
were more frequent in the latter group, but were non- 
specific. 

Specificity of the septal/free wall thickness ratio: 
Previous reports have identified several potential errors 
in single dimension ultrasonic estimates of interven- 
tricular septal thickness. Roelandt et al.’ noted that due 
to lateral resolution limits, spurious off-axis echoes may 
mimic the true endocardial surface. Allen et al. further 
observed that oblique beam angle, varying thickness or 
contour of the septal, intraseptal or intraventricular 
echoes, and endocardial dropout may cause inaccurate 
M mode estimates of interventricular septal thickness. 
In comparing M mode echocardiographic and necropsy 
measurements of ventricular wall thicknesses, Maron 
et al.? found that of nine patients with an echocardi- 
ographically determined septal/posterior wall ratio of 
1.3 or greater during life, six had a ratio of less than 1.3 
at necropsy. It is possible that some of these dis- 
crepancies were due to the phenomenon described in 
our study. 

Asymmetric septal hypertrophy on M mode echo- 
cardiography alone is not a pathognomonic sign of hy- 
pertrophic cardiomyopathy. There are several other 
cardiac disease states in which asymmetric septal hy- 
pertrophy has been found with varying prevalence.!7-?? 
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FIGURE 5. Schematic diagram illustrating how the curved or “banana” 
shape of the left ventricle can cause an oblique orientation of the single 
dimensional echocardiographic beam with respect to the interventricular 
septum (IVS). This gives the impression in an M mode recording of 
asymmetric septal hypertrophy. LVPW = left ventricular posterior 
wall. 


There is also disagreement as to which value for sep- 
tal/posterior wall thickness ratio should define asym- 
metric septal hypertrophy. In their extensive work, the 
group at the National Institutes of Health? has used a 
ratio of greater than 1.3 as diagnostic, whereas other 
investigators???4 prefer a ratio of greater than 1.5 as 
being more specific. The lower ratio of 1.3 is obviously 
a more sensitive diagnostic criterion, but is still inade- 
quate for the detection of patients with a clear hemo- 
dynamic pattern of idiopathic hypertrophic subaortic 
stenosis and a septal/free wall ratio as low as 1.0.25 In our 
study, we used a ratio of 1.3 as indicative of asymmetric 
septal hypertrophy and found a very high rate of dis- 


SHORT AXIS 





FIGURE 6. Diagram illustrating how angulation of the interventricular 
septum (IVS) can exaggerate septal thickness as seen on two dimen- 
sional echocardiography (short axis). The relatively perpendicular or- 
ientation of the left ventricular posterior wall (LVPW) causes little ex- 
aggeration of its thickness on two dimensional echocardiography. 
Because of the beam's width and its obliquity to the interventricular 
septum, point “1” appears as the nearest septal surface and point “4” 
as the farthest. This yields an incorrect one dimensional measurement 
for interventricular septal thickness, which in reality is better approxi- 
mated by the distance between points “2” and “3”. (See also Fig. 3). 
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agreement between the M mode and the two dimen- 
sional technique. 

Had we used 1.5 as a ratio indicative of asymmetric 
septal hypertrophy, one patient (6 percent) in the group 
with true asymmetric septal hypertrophy and four pa- 
tients (20 percent) in the group with apparent asym- 
metric septal hypertrophy would have been classified 
as normal. The patients with apparent asymmetric 
septal hypertrophy would have constituted 25 rather 
than 31 percent of the group referred with possible id- 
iopathic hypertrophic subaortic stenosis and would have 
constituted 52 rather than 56 percent of those with M 
mode-determined asymmetric septal hypertrophy. It 
is not our purpose to redefine the noninvasive criteria 
for the detection of idiopathic hypertrophic subaortic 
stenosis, because we have presented no hemodynamic 
data to sort out the diagnoses in these cases. Our point 
is that the sole reliance on M mode estimates may be 
misleading, and that the added accuracy afforded by the 
two dimensional technique should allow greater speci- 





ficity in the detection of asymmetric septal hyper- 
trophy. 

Implications: Several conclusions can be drawn from 
our findings. First, because of limitations in technique, 
it appears that use of M mode echocardiography can 
lead to the overdiagnosis of asymmetric septal hyper- 
trophy. Second, two dimensional echocardiography 
helps to clarify and explain misleading M mode findings 
and is valuable in excluding asymmetric septal hyper- 
trophy. Thus it increases the specificity of the already 
sensitive noninvasive detection of asymmetric septal 
hypertrophy. Third, one must be cautious in diagnosing 
ASH in patients or their relatives on the basis of M 
mode findings alone. We expect that the more routine 
use of two dimensional echocardiography as a nonin- 
vasive method for estimating interventricular septal 
thickness will help avoid mislabeling patients with a 
disease they may nct have, as well as improve our un- 
derstanding of the spectrum of hypertrophic cardio- 
myopathy. 
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To define the optimal energy and current for open chest defibrillation of 
human hearts during cardiac surgery 202 patients were prospectively 
studied. First-shock delivered energies, determined by the date of surgery, 
were 5 joules (J) (55 patients), 10 J (87 patients) or 20 J (60 patients). 
Specially calibrated Datascope defibrillators, which displayed delivered 
energy and peak current, were used. The first shock resulted in defibril- 
lation in 56 percent of patients receiving a shock of 5 J, 70 percent of 
patients receiving 10 J and 80 percent of patients receiving 20 J (p <0.01 
versus 5 J). If necessary, shocks were repeated at the initial energy level; 
the success rates of initial plus repeated shocks at the same energy level 
were: 81 percent of patients receiving 5 J, 93 percent of patients receiving 
10 J (p <0.05 versus 5 J) and 92 percent of patients receiving 20 J. Of 
the 55 patients who initially received a 5 J shock, with additional shocks 
at higher energy levels if necessary, the lowest current that successfully 
defibrillated the heart (that is, the threshold current) varied fourfold, 
ranging from 8 to 34 amperes (mean + standard deviation 12 + 5). One 
patient, who received the highest cumulative energy levels (503 J from 
12 shocks, including four shocks of 75 J each), showed evidence of 
myocardial necrosis (positive technetium scan). Four others who received 
the next highest cumulative energy levels of 120 to 300 J from multiple 
shocks of up to 40 J had negative technetium scans. It is concluded that 
the optimal initial energy for open chest defibrillation is 10 to 20 J, and 
that this dose may be repeated if necessary. This dose will defibrillate 
more than 90 percent of hearts, and is unlikely to cause shock-induced 
necrosis. Smaller doses (5 J) are less effective, whereas larger doses, 
especially if repeated many times, can cause myocardial necrosis. 


Cardiac surgery is usually performed on a nonbeating heart; ventricular 
fibrillation may occur or may be deliberately induced during operation. 
If a regular rhythm does not spontaneously resume at the end of oper- 
ation, an electric shock is applied directly to the fibrillating heart to 
restore rhythmic contraction. The optimal energy level for such open 
chest defibrillation is uncertain; the present practice is to initiate defi- 
brillation attempts using energy levels ranging from 5 joules (J) or less 
to as high as 60 J.1-? 

High energy shocks applied directly to the heart have been shown to 
cause subepicardial necrosis*? and are therefore undesirable. The use 
of lower energy levels may result in the administration of multiple shocks 
to achieve defibrillation, and this may also cause cardiac damage because 
of heat buildup.® The ideal energy level—one adequate for defibrillation 
but incurring minimal risk of damage—has not been defined. 

Animal studies have suggested that peak current (amperes) may be 
a better descriptor than energy (joules) for specifying countershock 
strength; no data are available on the current requirements for direct 
defibrillation in human subjects. The purpose of this study was to de- 
termine the optimal energy and current for open chest defibrillation in 
patients. 


Methods 


Patients: We prospectively collected data on 202 patients who underwent 
defibrillation during cardiac surgery at the University of Iowa Hospital between 
May 10, 1978 and May 11, 1979. 'The operations performed included aortocor- 
onary bypass grafting (113 patients), aortic valve replacement (39 patients), 
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mitral valve replacement (20 patients), both mitral and aortic 
valve replacement (7 patients) and repair of an atrial septal 
defect (6 patients). Fifteen patients had valve replacement 
plus aortocoronary bypass grafting. 

Surgical protocol: Cold cardioplegia (4° C) was used for 
myocardial preservation during the period of cardiopulmonary 
bypass. The cardioplegic solution used consisted of 5 percent 
Dextrose® in 0.45 normal saline solution, plus potassium 
chloride, 20 mEq/liter buffered with sodium bicarbonate to 
pH 7.6, and 5,000 units of heparin. At the completion of the 
operation, cardiopulmonary bypass was discontinued; if the 
heart did not resume a normal beat spontaneously, defibril- 
lation was performed. All shocks were given using paddles with 
a diameter of 8.5 cm. The paddles were applied directly to the 
ventricular epicardium. 

Defibrillation protocol: Datascope MD2J defibrillators 
were used. This defibrillator delivers a damped sine wave form 
shock. The operator selects the desired energy level and 
charges the capacitor; the actual charge in the capacitor is then 
displayed (in joules) as the energy delivered into a 50 ohm 
resistance and recorded. After discharge the peak current (in 
amperes) that flowed between the paddles is displayed and 
also recorded. All values of current reported in this study refer 
to the peak current that flowed in each shock. 

To calculate resistance between the paddles (that is, the 
resistance of the heart) we calibrated the defibrillators as 
follows: Each defibrillator was charged to energy settings 
ranging from 5 to 100 J, and at each energy level it was fired 
into dummy resistance levels ranging from 15 to 150 ohms. 
The resultant peak current flow for each firing was noted and 
calibration curves of current versus resistance were plotted 
for each level of selected energy. 

Energy doses for defibrillation were determined using a 
protoco! approved by the University of lowa Human Research 
Committee. For the first 115 patients studied, the energy level 
of the initial shock was determined by the date of operation: 
The initial shock was 5 J for procedures performed on odd- 
numbered dates (55 patients), and 20 J for those performed 
on even-numbered dates (60 patients). The surgeons were 
asked to repeat the shock once at the same energy level if the 
first shock of 5 J failed to defibrillate, and then to give shocks 
of progressively higher energy levels (10, 20 and 40 J) until 
defibrillation was accomplished. In nine patients the surgeons 
elected not to repeat an initially unsuccessful 5 J shock at the 
same energy level, but instead immediately used a 10 J shock. 
After an unsuccessful shock of 40 J, the surgeons were at lib- 
erty to repeat 40 J shocks or to increase the energy further. 

In the next 87 patients, the initial shock was 10 J (regardless 
of the date of surgery), repeated once if unsuccessful and then 
increased as before, if necessary. In one of these patients the 
surgeons elected to proceed immediately to 20 J rather than 
repeating the unsuccessful 10 J shock. 

Ancillary data collected at the time of defibrillation in- 
cluded esophogeal, rectal and bypass perfusate temperatures, 


TABLE I 
Success of Initial Shocks 
Patients (n) 
Energy 
Dose Successful % 
(joules) Total Defibrillation Success 
5 55 31 56 
10 87 61 70 
20 60 48 80° 


` p <0.01 versus 5 joules. 


Fk Ca 


arterial pH and partial pressure of oxygen and the amount of 
time elapsed since discontinuation of halothane anesthesia. 

Defibrillation was considered successful if an organized 
regular rhythm resulted, often after a brief period of asystole. 
In a few patients the initial shock resulted in atrial fibrillation; 
data on additional shocks given for atrial fibrillation are not 
included in this report. Antiarrhythmic drugs, such as lido- 
caine, were not used. 

Evaluation of myocardial damage: In patients receiving 
cumulative shock energy levels of 100 J or more, myocardial 
damage was searched for in technetium-99m pyrophosphate 
scintigrams obtained 36 to 48 hours after operation. These 
scintigrams, although a sensitive test for myocardial necrosis, 
may be falsely negative if the area of myocardial necrosis is 
very small or lies in the true posterior wall (far removed from 
the camera in all projections).’ Because serum enzyme levels 
reflecting myocardial status are frequently elevated after 
cardiac surgery,® we believed that their determination would 
not be reliable to detect shock-induced necrosis. 

Statistical analysis: Analysis was performed with use of 
a chi-square test to investigate the independence between 
energy used and the success rate. Pairwise differences in the 
success rates of the various energy doses (that is, 5 versus 10 
J, 5 versus 20 J, 10 versus 20 J) were also done using a chi 
square test with one degree of freedom. Analysis of the an- 
cillary data (temperatures, arterial blood gases, etc.) was done 
by using an unpaired ¢ test to compare data from successful 
versus unsuccessful defibrillations for each variable studied. 
All results are reported as the mean + 1 standard devia- 
tion. 


Results 


Success of different energy levels: The initial de- 
fibrillating shocks were successful as follows (‘Table I): 
5 J, 31 of 55 patients (56 percent); 10 J, 61 of 87 patients 
(70 percent, p = NS versus patients receiving 5 J); 20 J 
48 of 60 patients (80 percent, p <0.01 versus patients 
receiving 5 J, p = NS versus patients receiving 10 J). If 
the initial shock failed to defibrillate, the shock was 
repeated once at the same energy level in most patients. 
When successful second shocks of the same energy level 
as the first are added to initially successful shocks, the 
shocks were successful as follows (Table ID): 5 J, 37 of 
46 patients (81 percent); 10 J, 80 of 86 patients (93 
percent, p <0.05 versus 5 J); 20 J, 55 of 60 patients (92 
percent, p = NS versus 5 and 10 J). In nine patients 
shocks up to 20 J were unsuccessful: Eight of these pa- 
tients required one or more shocks of 40 J for defibril- 
lation; the ninth patient required four 75 J shocks. 

Current requirements for defibrillation: We es- 
timated the “threshold” current required to defibrillate 
by focusing on the data from the 55 patients whose 


TABLE Il 
Success of Initial Plus Second Shock at Same Energy Level 





Patients (n) 





Energy 
Dose Successful % 
(joules) Total Defibrillation Success 
5 46 37 81 
10 85 80 93* 
20 60 55 92 


* p <0.05 versus 5 joules. 
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initial shock was at the lowest energy level (5 J). In these 
patients the lowest current that succeeded in defibril- 
lation ranged from 8 to 34 amperes (mean 12 + 5). 

The transcardiac resistance (that is, resistance of the 
heart cradled between the defibrillating paddles) in all 
202 patients ranged from 15 to 65 ohms (mean 28 + 7). 
There were no significant differences between the mean 
transcardiac resistance levels of the hearts in each of the 
three energy groups (5, 10 and 20 J). 

In 32 patients whose initial shock failed, a second 
shock at the same energy level was successful. In 27 of 
these patients the transcardiac resistance, and therefore 
the peak current flow, was unchanged between the first 
(unsuccessful) and second (successful) shock. In three 
patients the peak current of the second successful shock 
was 1 ampere higher than that of the first failing shock; 
this difference was due to declines in transcardiac re- 
sistance of 11 to 13 percent. In two patients the peak 
current flow of the second successful shock was actually 
1 ampere lower than that of the first shock, implying a 
small increase in transcardiac resistance between 
shocks. 

Other determinants of defibrillation success 
(ancillary data): Because in almost half of the 55 pa- 
tients who received shocks of 5 J defibrillation did not 
occur with the first shock, we examined the ancillary 
data from this group to see if we could identify other 
determinants of defibrillation success. Comparison 
(with use of an unpaired t test) of patients receiving an 
initially successful versus those receiving an initially 
unsuccessful 5 J shock revealed no significant differ- 
ences for the following variables determined at the time 
of defibrillation: esophageal temperature, rectal tem- 
perature, perfusate temperature, arterial pH, arterial 
partial pressure of oxygen and time interval since dis- 
. continuation of halothane anesthesia. 

Damage from multiple high energy shocks: A 

total of 10 patients received cumulative energy doses of 
. more than 100 J from multiple shocks. The cumulative 
energy dose in these 10 patients ranged from 110 to 530 
J and the cumulative current from 96 to 310 amperes. 
Technetium-99m pyrophosphate scintigrams were 
obtained in five of these patients, including the two who 
received the highest cumulative energy and current 
doses. The scans were obtained 36 to 48 hours after the 
surgical defibrillation. Of these five scintigrams, four 
were normal (no technetium uptake) in patients re- 
ceiving cumulative energy doses of 120 to 300 J and 
cumulative peak current doses of 107 to 243 amperes. 
One patient undergoing mitral valve replacement 
showed technetium pyrophosphate uptake, evidence 
of myocardial necrosis. He had repeated episodes of 
ventricular fibrillation during surgery. The cumulative 
energy he received was 530 J, and the cumulative cur- 
rent dose was 310 amperes from 12 separate shocks, 
including 4 shocks of 75 J (86 amperes current). This 
patient’s coronary arteries were normal on preoperative 
angiography, and postoperative electrocardiograms 
showed no evidence of myocardial infarction. These 
findings suggest that the technetium uptake more likely 
indicated shock-induced necrosis than intraoperative 
infarction. 
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Discussion 

The main findings of this investigation are: (1) An 
initial energy dose of 10 to 20 J, repeated once if neces- 
sary, is adequate to defibrillate more than 90 percent 
of hearts during open chest cardiac surgery. Five J 
shocks are less effective. (2) The current requirements 
for open chest defibrillation vary at least fourfold. (3) 
Shock-induced myocardial necrosis can occur after di- 
rect epicardial defibrillation in human beings, but 
probably requires multiple high energy shocks. 

Relation to heart weight: Geddes et al.? evaluated 
the energy and current requirements for open chest 
defibrillation in animals of varying size and species. 
They found that the threshold electrical dose was heart 
weight-related. However, Tacker et al.,! found no 
relation between threshold defibrillating energy and 
heart weight in human subjects. 'T'heir data may, in part, 
have been related to their method of estimating heart 
weight, which was by visual inspection only. We be- 
lieved that visual inspection of the heart was not suffi- 
ciently accurate to permit weight determinations, and 
therefore did not attempt to correlate threshold energy 
dose with heart weight. However, a review of our data 
shows that in patients undergoing aortic valve re- 
placement for aortic stenosis or insufficiency, or both, 
the success rate of initial 5 J shocks was 71 percent (10 
of 14 patients), a rate actually better than the 56 percent 
success rate of such low energy shocks in the group as 
a whole. Because patients with aortic valve disease have 
substantial degrees of left ventricular hypertrophy, if 
the threshold defibrillating dose were indeed weight- 
related, one would expect that in patients with aortic 
valve disease high energy levels would be required for 
defibrillation and that relatively low energy doses such 
as 5 J would have a low rate of success. Our data suggest 
the opposite, and do not support the argument that the 
threshold defibrillation dose is directly related to heart 
weight. 

Animal versus human hearts: Geddes et al.,° found 
that in animal hearts weighing 400 g (equivalent to the. 
weight of a typical adult human heart) an average of 10 
J was required for defibrillation. But in our study, as 
well as that of Tacker et al.,! a shock of 5 J resulted in 
successful defibrillation in about 50 percent of the 
human hearts studied. Therefore, 5 J, rather than the 
10 J required for animal hearts, is a closer estimate of 
the threshold dose for human hearts. Human hearts 
may be easier to defibrillate than animal hearts, a con- 
cept previously advanced for both open chest and 
transthoracic defibrillation.!? 

The idea that human hearts are easier to defibrillate 
than animal hearts is reinforced by our data. Geddes et 
al., in animals, suggested that the threshold current 
dose for defibrillation was 50 milliamperes/g of heart 
weight or about 20 amperes for a 400 g heart. No pre- 
vious data for current requirements in human open 
chest defibrillation are available, but in our patients who 
received the lowest initial energy dose of 5 J, the 
threshold current required to defibrillate was 12 + 5 
amperes, which is substantially less than that required 
for comparably sized animal hearts. We also found that 
there was at least a fourfold variability in current re- 
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quirements (8 to 34 amperes). Had we tried lower energy 
doses some hearts might have been defibrillated with 
shocks of less than 5 J; thus even less current would have 
been needed, thereby increasing the variability in re- 
quired threshold current. Although current has been 
suggested to be a better predictor than energy for defi- 
brillation success, the wide variability of current re- 
quirements suggests that current is no better a de- 
scriptor for defibrillation than delivered energy. 
Open chest versus closed chest defibrillation: No 


_ data are available on human transcardiac resistance in 


open chest defibrillation. In our study the resistance of 
the heart cradled between the defibrillating paddles was 
28 + 7 ohms. In a previous study of closed chest defi- 
brillation using standard size paddles,!° we found that 
the average transthoracic resistance was 67 ohms, or 
more than twice the transcardiac resistance in open 
chest defibrillation. The additional resistance in closed 
chest defibrillation is due to the presence of skin, lung 
and other soft tissue in the current path. | 

Response to second versus first shock: Of interest 
is the response of the transcardiac resistance to a second 
shock at the same energy level as that of the first. After 
an initial failure, a second shock at the same energy level 
was successful in 32 patients in our study. This phe- 
nomenon is well described in transthoracic defibrilla- 
tion, and has been attributed to a decline in resistance 
with the second shock, so that peak current flow is 
greater.!! However, in our study transcardiac resistance 
rarely decreased with the second shock, so that peak 
current flow was unchanged or only minimally in- 
creased. Why, then was the second shock often suc- 
cessful? Arnsdorf et al.!? demonstrated that an initial 
electrical shock delivered to an exposed dog heart 
caused a substantial increase in extracellular potassium; 
this transient hyperkalemia may alter the defibrillation 
threshold and facilitate successful defibrillation on 
subsequent attempts. 

Myocardial necrosis due to direct current shock: 
Myocardial necrosis due to direct current shocks has 
been shown to occur in open chest defibrillation.*? The 
amount of necrosis is greater when higher energy shocks 
are used and when such shocks are repeated rapidly. 
Doherty et al.? found endocardial damage in dog hearts 
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receiving epicardial shocks with greater than 35 J de- 
livered energy (50 J nominal dial setting). They sug- 
gested that increases in intramyocardial temperature 
with rapidly repeated shocks might be an important 
mechanism for cardiac damage. We searched for elec- 
trical damage to the myocardium by obtaining techne- 
tium pyrophosphate scintigrams in five patients who 
received multiple shocks with high cumulative levels of 
energy and current. The only positive scan was obtained 
in the patient who received the highest single shock 
energy (four doses of 75 J), cumulative energy (530 J), 
single shock current (four doses of 36 amperes) and 
cumulative current (310 amperes). In four other pa- 
tients who received multiple single shocks of up to 40 
J energy (27 amperes current) and cumulative electrical 
dose of up to 300 J energy and 243 amperes current, the 
scans showed no cardiac damage. Most patients, of 
course, received far less single shock and cumulative 
energy and current. Although these data do not estab- 
lish the threshold at which human cardiac damage oc- 
curs, it suggests that such damage is probably infre- 
quent with one or two epicardial shocks of 20 J or less; 
Doherty et al.? did not show significant necrosis in dog 
hearts receiving shocks in this low energy range. 

Implications: The optimal initial energy level for 
open chest human defibrillation is 10 to 20 J, with the 
shock being repeated once at the same energy level if 
initially unsuccessful. This dose will result in successful 
defibrillation in more than 90 percent of patients, and 
is unlikely to cause necrosis. Àn initial shock cf 5 J will 
have to be repeated in almost half the patients and even 
then will be unsuccessful in about 20 percent. This 
procedure wastes time and the repeated shocks may 
cause undesirable increases in intramyocardial tem- 
perature. Initial shocks of greater than 20 J are unnec- 
essary, and expose the patient to the possibility of car- 
diac damage from excessive energy. 
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2^ nitroglycerin) 
ransdermal Ointment 


For prolonged prophylactic action 


"Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 
evidence of pharmacological activity evident 
up to eight hours after application: 


-... data indicate that nitroglycerin ointment 
(NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous tone with 
resultant alterations in left ventricular hemo- 
dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia’? 


Patient- 
titratable 
dosage 





Brief Summary: 


Description: Nitroglycerin 2% (glyceryl trinitrate) and lactose in a special absorptive 
lanolin and white petrolatum bcse 


Action: Nitroglycerin is continuously absorbed through the skin into the circulation, 
thus exerting prolonged vasodilator effects. 


Indications: For the prevention and treatment of angina pectoris due to coronary 
artery disease 


Contraindications: In patients known to be intolerant of the organic nitrate drugs 
Warnings: in acute myocardia! infarction or congestive heart failure, nitroglycerin 
ointment should be used under careful clinical and/or hemodynamic monitoring. 


Precautions: Symptoms of hypotension, particularly when suddenly arising from the 
recumbent position, are signs of overdosage. When they occur the dosage should 





reduced. Although uncommon, hypotension, an increase in hear rate, faintness, 
flushing, dizziness, and nausea may occur These all are attributable to the pharma- 
cologic effects of nitroglycerin on the cardiovascular system, but are symptoms of 
overdosage. When they occur and persist, the dosage should be reduced 


Dosage: Usual dose is 2 inches (50mm), as squeezed from the tube, every eight 
hours. Some patients may need 4 to 5 inches (100 to 125 mm) and/or application 
every four hours. Optimal dosage should be based upon clinical response, side 
effects, and effects of therapy upon blood pressure. Consult full product disclosure 
before prescribing. 
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4. Davidov M, Mroczek W: The effect of nitroglycerin ointment on exercise capacity 
in patients with angina pectoris. Presented at American College of Pharmacology 


be reduced Another patient benefit product from meeting. Washington DC, April 1977 


Adverse Reactions: Iransient headaches are the most common 
side effect, especially at higher dosages. Headaches should 
be treated with mild analgesics, and nitroglycerin ointment con- 
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antianginal actions of nitroglycerin ointment: Evaluation by 
cardiac catheterization, forearm plethysmography and tread- 
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world's first 
digital camera 
designed 
for the cardiologist 


Apex 215M: lightweight mobile cardiological gamma image 
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History: Acute 
Anterolateral wall 
MI. Catheterization 
showed 3 vessel 
CAD (LVEF- 3596). 
Image shows 


Apex 215M is a fully integrated nuclear system 
designed specifically for the cardiologist. 

Apex 215M fulfills all the requirements of modern 
nuclear cardiology. Compact, exceptionally 
maneuverable, easy to position and extremely 


versatile, it combines superb single-crystal image cda M 

quality with the ultra-high count rates previously Kadian: 

obtainable only with low-resolution multicrystal Diagnosis: lateral 
aneurysm. 


cameras. 


elecint Inc. 


138-160 Johnson Avenue, 
Hackensack, N.J. 07602, U.S.A. 


Call toll Free: 800-631-1694 





Universal Cardiological Capability 


Crystal Clear First-Pass Examinations at count rates 
as high as 500,000 CPS and resolutions as fine as 
1.8 mm (bar phantom). Unobstructed RAO dynamic 
views of distinct clarity. 

Ultra-Fast Equilibrium Gated Dynamics at 
unprecedented combinations of frame rate and 
resolution (64 frames per heart cycle for 64? matrices), 
at rest or during exercise. 

Superior Quality Static Myocardial Imaging with 
either 9°Tc pyrophosphate or 2°'TI. Images acquired 
and displayed on 5122 matrices with 256 gray levels. 


A Set of Dedicated Cardiological Programs, 
Continuously Enriched 


Touch a functional pushbutton, and Apex 215M 
provides: 

m Up to three simultaneous cine-views. 

æ Wall motion visualization and quantification. 

w Ejection Fraction and Ejection Rate calculation. 

m Remaining Fraction calculation. 

a Static or dynamic Regional Ejection Fraction Imaging. 
m End Diastole/Systole Volumes. 

m Shunt quantification. 

Programs unique to the Apex Line include special 
algorithms for diagnosing ventricular-atrial 
regurgitation and ventricular aneurysms. A whole new 
series of Apex clinical programs is now being tested. 
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INDERAL - 


PROPRANOLOL HCI) 





ALONE Excessive exer- 


tions. Emotional upheavals. 
Anxieties. Stress. Catechol- 
amines rise—atrial pace- 
makers overrespond. 

And the ECG reads PAT. Or 
persistent sinus tachycardia. 
Or persistent atrial extra- 
systoles. Consider INDERAL 
(propranolol HCI) alone. 
When conventional measures 
fail, a low 10 to 30 mg dose, 
given t.i.d. or q.i.d., will block 
cardiac beta-receptors from 
excessive catecholamine 
stimulation. Suppress ectopic 
pacemakers. And permit 
resumption of normal sinus 
rhythm. Even when normal 
sinus rhythm has not been 
restored, INDERAL slows con- 
duction in the AV node and 
prolongs its refractory time. 
Slowed AV conduction will 
often block reentry circuits, to 
help restore sinus rhythm. 


WITH The ECG reads 


atrial flutter. Or atrial fibrilla- 
tion. You have digitalized 
your patient, but the arrhyth- 
mia is not yet controlled. 
Consider adding INDERAL 
(propranolol HCI). Combined 
with digitalis, it obviates in- 
creasing digitalis dosage to 
toxic levels—while slowing 
the ventricular rate sufficiently 
to achieve control. INDERAL 
also complements the action 
of other agents. Combined 
with quinidine, it allows lower 
doses of quinidine—reducing 
the need for toxic levels. And 
often, with INDERAL added, 
atrial arrhythmias respond 
when no single agent works 
alone. 





BETTER SOONER THAN LATER 


INSTEAD The arrhyth- 


mia is induced by an anti- 
arrhythmic drug such as 
digitalis or quinidine. Persists 
after discontinuance of 

the drug and correction of 
electrolyte imbalance. Con- 
sider INDERAL instead. Often 
the drug of choice, except 
in the presence of serious 
congestive heart failure. 
Often, too, INDERAL (propran- 
olol HCI) abolishes supra- 
ventricular arrhythmias when 
either digitalis or quinidine 
has failed. 





With proper patient 
selection—in the absence 
of contraindications such as 
bradycardia, greater than 
first degree heart block, 
asthma, and congestive 
heart failure unless failure is 
secondary to tachyarrhyth- 
mias treatable with INDERAL— 
serious cardiovascular and 
respiratory side effects are 
seldom encountered: 
Rely on it: INDERAL. Alone. With. 
Or Instead. 


"Please turn the page for brief summary of 
prescribing information on contraindications, 
adverse reactions, and warnings, including 
avoidance of abrupt withdrawal. 





A PRIME CONSIDERATION FOR SUPRAVENTRICULAR ARRHYTHMIAS 


® 





(PROPRANOLOL HCI) 








10mg and 20mg tablets 
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(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 


nderal* BRAND OF propranolol hydrochloride A beta-adrenergic blocking agent 


.. BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF — 
ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
Bop MO eme Nada dtr 
QUSE ANT «oc o TSUCQSNHE DEUX TEE Ren 
ACTIONS: INDE RAL is a beta-adrenergic receptor blocking drug, possessing no other 


autonomic nervous system activity. It spacifically competes with beta-adrenergic receptor 


stimulating agents for available beta receptor sites. When access to beta receptor sites is 
blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to beta- 
adrenergic stimulation are decreased proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract, but a portion is im- 
mediately bound by the liver. Peak effect occurs in one to one and one-half hours. The biologic 
half-life is approximately two to three hours. Propranolol is not significantly dialyzable. There is 
no simple correlation between dose or plasma level and therapeutic effect, and the dose- 
sensitivity range as observed in Clinical practice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. Since there is no reliable test to estimate 
sympathetic tone or to determine whether total beta blockade has been achievec, proper dos- 
age requires titration. 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes. sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta Blockade may prevent the ' 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 4 

Propranolol exerts its antiarrhythmic effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, particularly, some authorities believe, in digitalis- 
induced arrhythmias. f tod 
. Beta-adrenergic blockade is of unique importance in the management of arrhythmias due to 
increased levels of circulating catecholamines or enhanced sensitivity of the heart to catechol- 
amines (arrhythmias associated with pheochromocytoma, et pane A exercise) 

In dosages greater than required for beta biockade, INDERAL also exerts a quinidine-like or 
anesthetic-like membrane action which affects the cardiac action potential and depresses car- 
diac function. Ly 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the ve- 
locity and extent of myocardial contraction. On the other hand, propranolo! may increase oxy- 
gen requirements by increasing left ventricular fiber length, end diastolic pressure, and systolic 
ejection period. 5 4 à 

If the net physiologic effect of beta-adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. M, 
INDICATIONS: Cardiac Arrhythmias: !., Supraventricular arrhythmias: a) Paroxysmal atrial 
tachycardias, particularly those arrhythmias induced by catecholamines or S or asso- 
ciated with the Wolff-Parkinson-White syndrome. (See W-P-W under WARNINGS.) b) Persistent 
sinus tachycardia which is noncompensatory and impairs the well-being of the patient. 

c) Tachycardias and arrhythmias due to thyrotoxicosis when causing distress or increased — 
hazard and when immediate effect is necessary as adjunctive, short term (2-4 weeks) therap 
May be used with, but not in place of, specific therapy. (See Thyrotoxicosis under WARNINGS.) 
d) Persistent atrial extrasystoles which impair the well-being of the patient and do not respond 
to conventional measures. e) Atrial flutter and fibrillation when ventricular rate cannot be con- — 
trolled by digitalis alone, or when digitalis s contraindicated. wh are wt ' 
2.) Ventricular tachycardias: Ventricular arrhythmias do not resp spond to propranolol as predict- 
ably as do the supraventricular arrhythmias. a) Ventricular tachyc ardias: With the exception of - 
those induced by catecholamines or digitalis, INDERAL is not the drug of fir: st choice. In critical 
situations when cardioversion technics or other drugs are not indicated or are not effective, - 
INDERAL may be considered. If, after consideration of the risks involved, INDERAL is used, it 
should be given intravenously in low dosage and very slowly. (See DOSAGE AND ADMINIS- 
TRATION.) Care in the administration of INDERAL with constant electrocardiographic moni- 
toring is essentia! as the failing heart requres some sympa thetic drive for maintenance of 
myocardial tone. b) Persistent premature ventricular extrasystoles which do not respond to con- 
ventional measures and impair the well-being ofthe patient. —— — 

3.) Tachyarrhythmias of digitalis intoxication: If digitalis-induced tachyarrhythmias persist fol- 
lowing discontinuance of digitalis and correction of electrolyte abnormalities, the y are usually 
reversible with oral INDERAL. Severe bracycardia may occur. (See OVERDOSAGE OR EXAG- | 
GERATED RESPONSE.) L ' 


Intravenous propranolol hydrochloride is reserved for life-threatening arrhythmias. Temporary 
A = 


maintenance with oral therapy may be indicated. (See DOSAGE AND DMINISTRATION.) 
4.) Resistant tachyarrhythmias due to excessive catecholamine action during anesthesia. — 


Tachyarrhythmias due to excessive catecholamine action during anesthesia may sometimes 
arise because of release of endogenous catecholamines or administration of catecholamines. 
When usual measures fail in such arrhythmias, INDERAL may be given intravenous |y to abolish 
them. All general inhalation anesthetics produce some degree of myocardial depression 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it should be used with 
extreme caution and constant ECG and central venous pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis: INDERAL is useful in the management of hypertrophic sub- 
aortic stenosis, especially for treatment of exertional or other stress-induced angina. palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effectiveness of 
INDERAL in this disease appears to be due to a reduction of the elevated outflow pressure gra- 
dient which is exacerbated by beta receptor stimulation. Clinical improvement may be tempo- 
rary. | e 
Pheochromocytoma: After primary treatment with an alpha-adrenergic blocking agent has 
been instituted, INDERAL may be useful as adjunctive therapy if the control of tachycardia be- 
comes necessary before or during surgery. "n 

Itis hazardous to use INDERAL unless alpha-adrenergic blocking drugs are already in use, 
since this would predispose to serious blood pressure elevation. Blocking only the peripheral 
dilator (beta) action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both beta and alpha 
blockade since the combination prevents the increase in heart rate and peripheral vasocon- 
striction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as an adjunct to 
the management of symptoms due to excessive beta receptor stimulation. 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than first degree block; 4) cardio- 
genic shock; 5) right ventricular failure secondary to pulmonary hypertension; 6) congestive 
heart failure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable 
with INDERAL; 7) in patients on adrenergic-auc mening psychotropic drugs (including MAO 
inhibitors), and during the two week withdrawal period from such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
circulatory function in congestive heart failure, and inhibition with beta-blockade always carries 


- the potential hazard of further depressing myocardial contractility and precipitating cardiac fail- 


ure. INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength 5f myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action of digitalis may be reduced by INDERALs 
negative inotropic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conduction. 

_ IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued depression of the 
myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be ‘ully digitalized and/or given a diuretic, and the re- 
sponse observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDER/ L therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained ‘on combined therapy and the patient closely 
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IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation of 

-angina and, in some cases, myocardial infarction, following abrupt discontinuation of 

_ INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 

. INDERAL is prescribed for angina pectoris, the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. If INDERAL therapy 
is interrupted and exacerbation of angina occurs, it usually is advisable'to reinstitute 
INDERAL therapy and take ether measures appropriate for the management of unsta- 
ble angina bcp Since coronary artery disease may be unrecognized, it may be 
prudent to follow the above advice in patients considered at risk of havimg occult 
atherosclerotic heart disease, who are given propranolol for other indications. 


IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol the tachycardia was replaced by a severe'bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose o! 5 mg propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for main- 
tenance of adequate cardiac function, beta blockade will impair the desired 'notropic effect. 
Therefore, INDERAL should be titrated carefully when administered for arrhythmias occurring 
during anesthesia. | 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy- 
siclogic effects are gone according to available evidence. However, in case of emergency sur- 
gery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be re- 
versed by administration of such agents, 9.g., isoproterenol or levarterenol, However, such pa- 
tients may be subject to protracted severe hypotension. Difficulty in restarting and maintaining 

the heart beat has also been reported, _ 

_IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila- 
tiom produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blacking activity, INDERAL may prevent the appearance of premonitory hee. symptoms 
(pulse rate and pressure changes: of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blood pressure. bu 

.. USE IN PREGNANCY The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 

ommended human dose. i i 

PRECAUTIONS: Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed if INDERAL is administered. The added catecholamine blocking action of 

this drug may then produce an excessive reduction of the resting sympathetic nervous activity. 
Occasionally, tne pharmacologic activity cf INDERAL may produce hypotension and/or marked 
bradycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 
As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. | a | 
ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart failure; intensification 
of AV block; hypotension; paresthesia of hands; arterial insufficiency, usually o! the Raynaud 


_ type; thrombocytopenic purpura — — i i : i i 
. . Central Nervous System: lightheadedness; mental depression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 


 bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss. emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 
4 Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 
, Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
 andsore throat, laryngospasm and respiratory distress 
.. Respiratory: bronchospasm 


a 


-= Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 


y Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, se- 
. fous membranes and conjunctivaereported for a beta blocker (practolol) have not been con- 
clusively associated with propranolol. 
Clinical Laboratory Test Findings. Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase. lactate ak by enase. 
OSAGE AND ADMINISTRATION: The dosage range for INDERAL is different for each 
indication. ; , 
ORAL C. 1 P- MEY ; B | 
ARRHYTHMIAS— 10-30 mg three or four times daily, before meals and at bectime. 
EE SUBAORTIC STENOSIS — 20-40 mg three or four times daily, before meals 
and at bedtime. f f 
. PHEOCHROMOCYTOMA — Preoperatively — 60 mg daily in divided doses for three days prior 
| to surgery. concomitantly with an alpha-adrenergic blocking agent. —Management of inopera- 
ble tumor —30 mg oan divided doses. 
.. PEDIATRIC DOSAGE At this time the data on the use of the drug in this age group are too lim- 
ited to permit adequate directions for use. | 
_ INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg administered under careful 
monitoring, e.g. electrocardiographic, central venous pressure. The rate of administration 
should not exceed 1 mg (1 ml) per minute to diminish the possibility of lowering blood pressure 
and causing cardiac standstill. Sufficient time should be allowed for the drug to reach the site of 
action even when a slow circulation is present. If necessary, a second dose may be wa after 
twon inut es. Thereafter. additional dug should not be given in less than four hours. Additional 
INDERAL should not be given when'the desired alteration in rate and/or rhythmsis achieved. 
Transference to oral therapy should be made as soon as possible. 
The intravenous administration of INDERAL has not been evaluated adequately in the man- 
agement of hypertensive Fa iie 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE, THE FOLLOWING MEASURES SHOULD BE EMPLOYED: 
BRADYCARD!A—ADMINISTER ATROPINE (0.25 to 1.0 m !, IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY. 
CARDIAC FAILURE — DIGITALIZATION AND DIURETICS. 
HYPOTENSION-— VASOPRESSOPS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS EVI- 
DENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE.) 
BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE- 
HOW SUPPLIED: INDERAL (propranolo! hydrochloride) 
TABLETS: No, 461—Each scored tablet contains 10 mg of propranolol hydrochleride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. No. 462 — Each scored tablet contains 
20 mg of propranolol hydrochloride, n bottles of 100 and 1,000. Also in unit dose package of 
100. No. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 
100 and 1,000. Also in unit dose package of 100. No. 468 — Each scored tablet centains 80 mg 
of propranolol hydrochloride, in bottles of 100 and 1,000. Also in unit dose package of 100. 
INJECTABLE: No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injec- 
tion. The pH is adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 
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Insist on the only ther - 
modilution cardiac output 
system available with 
closed-loop sterility 

and accuracy: 


the New IL701 System. 


Exclusive IL Cold Pack Kit- N 
e Reduces risk of pyrogens | 
e Puts cooled, sterile thermodilution indicator 
on tap for each patient | 
Unique IL Flow-through Injectate 
Temperature Probe — 4 
e Senses injectate temperature at the à 
IL flow-directed catheter 
e Minimizes errors f 
The IL701 System facilitates the calculation | 
of CI, SV, SWI, and PVR. 


Ask about our attractive purchase and 
replacement plans and our Continue-Ed 
Slide Training Program. 


Call toll-free: 800-225-4040 


The Critical Care Specialists... 
Instrumentation Laboratory Inc. 
Sensorlab Division 
Lexington, MA 02173 
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if you can't holc 
the patient, 

you can't hold 
the pressure 





Alpha... 


hold the 
pressur 


® central control of blood pressure * 


9 low incidence of impotence, 


depression, orthostatic hypotension** 


9 most common side effects are dry 
mouth, drowsiness and sedation, 
which generally tend to diminish with 
time. As with other agents contain- 
ing diuretics, hypokalemia, hyper- 
uricemia, and hyperglycemia may 
occur 


*Central alpha-adrenergic stimulation decreases sympathetic outflow 
from the brain, as shown in animal studies. 


**Orthostatic hypotension has been reported with chiorthalidone and 
may be potentiated when chiorthalidone is combined with alcohol, bar- 
biturates, or narcotics. 


plus... 


hold the 
patient 


91% compliance’ 


91* 
/0 


Well tolerated 


BEL 


Side effect dropouts 


+Of 46 484 patients in 16 clinical trials, 


only 9% definitely or probably 
dropped out due to side effects. 
' Data on file, Boehringer Ingelheim Ltd. 


Please see brief summary on last page for warnings, 
precautions, and adverse reactions. 


Combipres is not indicated for initial therapy. It is for patients responsive 
to its components given separately in equivalent dosages. 


Each tablet contains: Catapres* (clonidine HCI) 4 d 
1 or 0.2 mg, and chlorthalidone, 15 mg an .2 


Hypertension 


Combipres 





Alpha...pi 


fz 


hold the pressure... 
hold the patient... 


Combipres’ ı--.2 


Each tablet contains: Catapres® (clonidine HCI) 
0.1 or 0.2 mg, and chlorthalidone, 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 
resents the dosage so determined, its use 


may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentclamine 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component. This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovescular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have beer recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
aed severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 





Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped. 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently. therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm/ 
day), fruit juice and bananas should be given 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Aiso rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 


A cecreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
anc/or antihypertensive activity. 

Idicsyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
butare rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
cluce: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all e*fects of Catapres overdosage 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 
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The hypothesis was tested that intermittent myocardial stretch could 
prevent or reverse the increased stiffness or contracture that occurs during 
severe ischemia. Isolated rabbit hearts with a fluid-filled left intraven- 
tricular balloon underwent 90 minutes of ischemic arrest at 35? C. In the 
"no stretch" group (n — 10), the intraventricular balloon remained col- 
lapsed during the period of arrest; in the "stretch" group (n — 10) the 
balloon was expanded every 5 minutes to apply intermittent stretch to 
the arrested myocardium. Intermittent stretching completely prevented 
contracture during ischemia. In the no stretch group severe ischemic 
contracture developed, which increased the pressure in the arrested 
ventricle to 110 + 14 mm Hg (mean + standard error of the mean) after 
90 minutes of ischemic arrest; in contrast, no contracture (0 + 1 mm Hg) 
developed in the stretch group during the period of ischemic arrest (p 
«0.001 versus the no stretch group). After 60 minutes of reperfusion, the 
stretch group continued to have less contracture (20 + 4 mm Hg versus 
42 + 7 mm Hg, p <0.001). Recovery of contractile function was not im- 
paired by the application of intermittent myocardial stretch. Developed 
pressure and the first derivative of left ventricular pressure (dP/dt) re- 


‘covered to a greater extent in the stretch group (38 + 3 versus 27 +5 


percent and 54 + 1 versus 35 + 7 percent, respectively, in the stretch 
versus the no stretch group), although these differences were not sta- 
tistically significant (p = 0.10 to 0.05). Both groups had the same degree 
of tissue lactate accumulation during the ischemic period and the same 
levels of tissue edema, adenosine triphosphate and creatine phosphate 
at the end of the reperfusion period. The results indicate that intermittent 
myocardial stretch during ischemic arrest can prevent a decrease in di- 
astolic compliance without decreasing recovery of contractile function; 
the intermittent stretch probably ruptured the rigor or contracture bonds 
that form during prolonged ischemia. 


Prolonged myocardial ischemia or hypoxia results in myocardial rigor 
or contracture; during the ischemic arrest of cardiac surgery this process 
is recognized in its most extreme form as the “stone heart" syndrome.1!-? 
However, ischemic contracture is not an “all or none" phenomenon. Mild 
degrees of contracture, which do not cause the full-blown stone heart 
syndrome, can significantly decrease diastolic ventricular compliance, 
impede diastolic ventricular filling and reduce cardiac output. Two re- 
cent clinical reports!!! indicate that such a decrease in left ventricular 
diastolic compliance commonly occurs in patients undergoing open heart 
surgery, especially when the period of ischemic arrest lasts longer than 
40 minutes. Ischemic contracture appears to result from the formation 
of rigor bonds between actin and myosin; these bonds form when the 
intracellular adenosine triphosphate concentration falls below a critical 
level and the contracture process itself further accelerates the hydrolysis 
of adenosine triphosphate.’ 
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We hypothesized that a mechanical stretch, inter- 
mittently applied to the ventricular wall during isch- 
emia, might disrupt any rigor or contracture bonds that 
form, thereby restoring a more normal diastolic com- 
pliance to the ventricle. The current study provides 
evidence to support this hypothesis. 


Methods 


Experimental preparation: The purpose of the experi- 
mental protocol was to assess the effects of intermittent 
ventricular wall stretch during ischemic arrest. Accordingly, 
isolated rabbit hearts containing a fluid-filled left ventricular 
balloon were subjected to 90 minutes of normothermic total 
global ischemia followed by 60 minutes of reperfusion. In one 
group (the no stretch group), the left ventricular balloon re- 
mained collapsed throughout the ischemic period, except to 
measure the degree of contracture every 30 minutes, when it 
was filled to the control (preischemic) diastolic volume. In a 
second group (the stretch group) every 5 minutes during the 
period of ischemia the balloon was expanded to a volume ap- 
proximately twice as large as the control diastolic volume (see 
later) to stretch the wall of the ventricle. 

An isolated isovolumic rabbit heart preparation was used 
for these studies; the perfusion system and technique have 
previously been described in detail. A cannulated fluid-filled 


E. balloon was placed in the left ventricle and attached to a 


pressure transducer to monitor intraventricular pressure. 
Contraction was isovolumic since the balloon was noncom- 


3 pressible. Preload (diastolic fiber length) was held constant 


and developed pressure and its first derivative (dP/dt) re- 
flected the contractile state of the myocardium. 

Surgical and perfusion techniques: Albino New Zealand 
male rabbits weighing 1 to 2 kg were decapitated and the 
thorax quickly opened. The heart was rapidly cooled with 
chilled saline solution, making it asystolic during the operative 
period. The aorta was dissected free, an incision was made at 
the level of the right innominate artery and a cannula was tied 
into the root of the aorta. Retrograde coronary perfusion was 
immediately started from a perfusion reservoir at a pressure 
head of 75 mm Hg. In this way coronary perfusion was main- 
tained while the heart was being removed from the animal and 
only a few seconds elapsed between the time of decapitation 
and the onset of experimental coronary perfusion. 
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As soon as the coronary arteries were perfused from the 
constant pressure reservoir, the left ventricle was decom- 
pressed by an apical puncture. A drain was placed in the apex 
of the left ventricular cavity so that it remained free of fluid 
from thebesian drainage. The heart was then dissected, re- 
moved from the thorax and placed in a water-jacketed 
chamber of constant temperature that kept the heart at 35 + 
0.5? C during the preischemic control and postischemic reflow 
periods; during the period of total ischemia intracardiac 
temperature decreased by 2° C. After placement of the heart 
in the chamber, the means of coronary perfusion were changed 
from the fixed pressure reservoir to a constant flow pump 
(Harvard Apparatus model 1203). The perfusion apparatus 
is diagrammed in Figure 1. 

A double-cannulated latex balloon (manufactured in our 
laboratory from the tip of a Trojan-Enz® condom) was in- 
serted into the left ventricle; one cannula exited through the 
site of an apical ventricular puncture and the other cannula 
exited through the mitral valve orifice. The cannulas were tied 
in place and the upper (mitral valve) cannula was connected 
to a pressure transducer (Statham P23Db) to monitor intra- 
ventricular pressure. The apical cannula was connected to a 
hand-held syringe, which was intermittently used to expand 
the intraventricular balloon and to stretch the myocardium 
in the experimenta! group. 

A right ventricular pacemaker wire was inserted through 
a right atrial incision and attached to a Grass S-6 stimulator. 
The hearts were paced at a rate of 180/min during the pre- 
ischemic control and postischemic reflow periods. A 5 V uni- 
polar stimulus of 5 ms duration was used. The rate of 180/min 
consistently exceeded endogenous pacemaker rates and thus 
permitted us to compare contractile function in the two groups 
during the pre- and postischemic phases of experiments at a 
constant and identical heart rate. 

The coronary venous drainage, comprising all of the flow 
through the right side of the heart, emerged through the 
pulmonary artery and cut venae cavae and was collected and 
pooled for metabolic measurements. The perfusate efflux from 
the heart was not recirculated. The perfusate consisted of 
modified Krebs-Henseleit buffer: 118 mM sodium chloride, 
4.7 mM potassium chloride, 2.0 mM calcium chloride, 1.2 mM 
potassium biphosphate, 1.2 mM magnesium sulfate, 25 mM 
sodium bicarbonate, 0.4 mM sodium ethylenediamine- 
tetraacetic acid, 5.5 mM glucose and 1.0 mM lactate. Lactic 
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FIGURE 1. Experimental isolated rabbit heart preparation. 
The isolated rabbit heart was maintained at 35? C ina 
water-jacketed constant temperature (TEMP) chamber. 
A fluid-filled balloon occupied the left ventricular cavity. 
Ventricular pressures were recorded through a cannula 
that passed through the mitral valve orifice; a syringe was 
attached to the balloon through an apical cannula to 
permit intermittent expansion of the balloon volume. 
Coronary arterial perfusion was provided by a pump that 
held the coronary flow rate constant; the perfusate con- 
sisted of oxygenated Krebs-Henseleit buffer which was 
kept at 35° C in water-jacketed reservoirs where it was 
bubbled with a mixture of 95 percent oxygen and 5 per- 
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cent carbon dioxide. Coronary venous drainage was 
collected from the cut venae cavae and pulmonary artery 
and pooled for metabolic measurements. LV = left 
ventricular. 


acid was neutralized with sodium hydroxide before being 
added to the buffer; lactate was added to the perfusate so that 
aerobic myocardial lactate extraction could be measured. The 
perfusate was gassed with a mixture of 95 percent oxygen and 
9 percent carbon dioxide. 

Measurement of mechanical function: Left ventricular 
pressure, dP/dt and aortic (coronary perfusion) pressure were 
monitored continuously throughout each experiment and 
recorded periodically. Left ventricular pressure was recorded 
through a 15 cm length of polyethylene tubing (inner diameter 
= 0.045 inch [0.11 cm], Intramedic Polyethylene Tube PE 160, 
Clay Adams, Inc., New York, New York) which connected the 
intraventricular balloon to a Statham P23Db transducer. 
Aortic root pressure was measured with a similar cannula and 
transducer. A photographic recorder with a high frequency 
response was utilized (Hewlett-Packard model 4560 or Elec- 
tronics for Medicine DR8). Left ventricular dP/dt was ob- 
tained by a direct current differentiator circuit manufactured 
in our laboratory for use with the Hewlett-Packard pressure 
carrier amplifier model 760-3000 or from the differentiator 
output of the Electronics for Medicine SGM pressure channel. 
The frequency response and damping characteristics of this 
system have been previously reported.® 

The relation between the balloon and left ventricular size 
is critical in this perfusion technique. The balloon must be 
slightly larger than the ventricular cavity; otherwise, as the 
balloon is filled, an increase in the pressure within the balloon 
will be recorded because of increasing balloon wall tension 
rather than ventricular wall tesnion. We manufactured various 
balloons of slightly different size so that a balloon slightly 
larger than the left ventricular cavity could be utilized in each 
experiment. To ensure this relation the pressure-volume filling 
curve of the isolated balloon was measured before and after 
each experiment; the experiments were always performed on 
the flat portion of the balloon's pressure-volume curve. 


Experimental Protocol 


The protocol consisted of a 30 minute control (preischemic) 
period, a 90 minute period of total global ischemia and a 60 
minute period of reperfusion under control (preischemic) 
conditions. 

Control period: During the 30 minute preischemic control 
period, coronary flow was 30 ml/min (approximately 10 ml/ 
min per g of left ventricle). The collapsed intraventricular 
balloon was slowly filled with fluid while left ventricular 
pressures were recorded; during the initial 15 minutes of the 
control period, the balloon volume was adjusted to give a peak 
left ventricular systolic pressure of 60 to 90 mm Hg with a 
diastolic pressure of less than 10 mm Hg. This level of isovo- 
lumic contractile function allowed us to monitor and evaluate 
the stability of the preparation. Hearts that could not achieve 
stability for 15 minutes at this level of performance were 
discarded (approximately 3 percent of the preparations). 
Heart rate was held constant at 180 beats/min with the right 
ventricular pacing wire. The “arterial” perfusate partial 
pressure of oxygen was 600 + 5 mm Hg (mean + standard 
error of the mean); in one passage through the heart only 63 
percent of the perfusate oxygen was extracted and 11 + 2 
percent of the perfusate lactate content was utilized, indi- 
cating that oxygen delivery was adequate and that the myo- 
cardium was in an aerobic metabolic state during the control 
period. 

Halfway through the 30 minute preischemic control period 
the intraventricular balloon volume was adjusted to produce 
a developed pressure of approximately 80 mm Hg, with a di- 
astolic pressure below 10 mm Hg. This balloon volume defined 
the control ventricular volume and was measured to +0.05 
cc with a calibrated syringe; the control ventricular volume 
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in 20 hearts was 0.59 + 0.03 ml. The preischemic developed 
pressure with the control ventricular volume in the balloon 
in the stretch group was 78.5 + 2.2 mm Hg; in the no stretch 
group it was 78.4 + 2.4 mm Hg. 

Period of ischemic arrest: Coronary arterial flow was 
stopped for 90 minutes. To simulate conditions that would be 
present during the ischemic arrest of cardiac surgery, the 
pacemaker was turned off and the intraventricular balloon 
was collapsed in both groups. 

In the no stretch group (10 hearts), the left ventricular 
volume was transiently filled to the control preischemic vol- 
ume at 30, 60 and 90 minutes of ischemia to measure the 
contracture pressure and any mechanical activity of the 
ventricle; reperfusion occurred after 90 minutes of ischemia 
with the control volume in the left ventricular balloon 
throughout the reperfusion period. The pacemaker was turned 
on at 180/min at the time of reperfusion. 

In the stretch group (10 hearts), the left ventricular balloon 
was expanded once every 5 minutes during the period of 
ischemic arrest by a hand-held syringe. The volume of fluid 
to be injected into the balloon was determined after 5 minutes 
of ischemia by the volume required to increase the intraven- 
tricular pressure in the arrested ventricle to the preischemic 
control level of peak systolic pressure; this volume of fluid was 
called the "stretch volume". At subsequent times during the 
90 minute period of ischemia, as contracture and myocardial 
stiffness increased, injection of this stretch volume increased 
the intraventricular pressure in excess of the preischemic 
control level of peak systolic pressure (Fig. 2). However, be- 
cause the stretch volume was held constant during the isch- 
emic arrest period, we reasoned that a constant stretch was 
being applied to the fibers with each filling of the balloon 
despite the progressive increase in ventricular stiffness (Fig. 
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FIGURE 2. Left ventricular stretch pressure during ischemic arrest (peak 
stretch pressure). The left ventricular pressure (LVP) after the intra- 
ventricular balloon was filled to the stretch volume (peak stretch 
pressure) is shown by the solid circles. After 5 minutes of ischemic 
arrest, the balloon was filled until the pressure in the asystolic arrested 
ventricle equaled the preischemic control (C) left ventricular systolic 
pressure, as shown by the open circle, thus determining the stretch 
volume. Subsequent filling with the same stretch volume resulted in 
the intracavitary pressures as plotted. During the subsequent 20 minutes 
of ischemic arrest, a significant increase in compliance occurred, as 
indicated by the lower intracavitary pressure at the stretch volume; after 
45 minutes of ischemic arrest, a significant decrease in compliance 
was observed, as indicated by the higher intracavitary pressures at the 
stretch volume (* ** = p «0.05, ** = p «0.01, * = p «0.001 versus 
value at 5 minutes, paired Student's t test, n — 10). 
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2). At 30, 60, and 90 minutes of ischemia, immediately after 
a stretch, the intraventricular balloon volume was adjusted 
to the preischemic control value and any contracture or me- 
chanical activity was recorded. After 90 minutes of ischemia, 
reperfusion at the control coronary flow rate of 30 ml/min was 
begun with the intraventricular balloon filled to the control 
volume and paced at a rate of 180/min. The intraventricular 
balloon remained at the control volume throughout the re- 
perfusion period in both groups. 

Metabolic measurement: Coronary venous lactate levels: 
Arterial and venous perfusate samples were collected and 
analyzed for their lactate concentration with a specific enzy- 
matic method.!? Venous effluent samples were collected every 
15 seconds during the early reperfusion period. Lactate 
washout was complete within 5 minutes of reperfusion. All 
perfusate samples were immediately mixed in a 1:1 ratio with 
10 percent trichloroacetic acid solution and kept under re- 
frigeration until chemical analysis. 

Tissue biochemical assays: At the end of the 60 minute 
reperfusion period, while the heart was still being perfused, 





o- -o No Stretch 
e—e Stretch 
+ p<0,001 
ee p<0,01 
eee 9=0.05-0.1 


low 








mmHg /sec 

400 

o | 

160r D/ASTOLIC (CONTRACTURE) 
PRESSURE 

120 

| 

/ 4 

mmHg 80 / ih 


| 

| 

Re 

| fco 

A ‘ge 
| Neg 

| 

| a 





— 


Control 30 60 90 
at eee 
0. 30. 60 
MINUTES 

FIGURE 3. Effect of stretch during ischemic arrest on contracture and 
recovery. Control (preischemic) left ventricular developed pressure, 
dP/dt and diastolic pressure were virtually identical in the two groups 
(n = 10 per group). During ischemic arrest left ventricular developed 
pressure (upper panel) and dP/dt (middle panel) were zero. Every 5 
minutes during the ischemic period the ventricular balloon was filled 
to the stretch volume in the stretch group. In the no stretch group severe 
contracture occurred during ischemia (lower panel). Intermittent stretch 
every 5 minutes prevented the development of contracture (diastolic 
pressures in the stretch group are plotted after balloon filling and 
emptying at 30, 60 and 90 minutes, after balloon volume was returned 
to the control value). Asterisks indicate level of statistical significance 
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it was rapidly frozen with aluminum clamps (Wollenberger) 
that had been cooled to the temperature of liquid nitrogen. 
Frozen samples of ventricular myocardium were stored in 
liquid nitrogen until analysis. Tissue aliquots were assayed 
for adenosine triphosphate and creatine phosphate and the 


_dry/wet weight ratio of the frozen tissue was measured. 


Adenosine triphosphate and creatine phosphate were mea- 
sured from the same tissue aliquot. The frozen myocardial 
sample was rapidly weighed and pulverized in a mortar under 
liquid nitrogen. A portion of the frozen powder was weighed 
and subsequently heated at 37? C for 48 hours to determine 
the frozen/dry weight ratio; the remainder of the frozen pul- 
verized specimen was ground with 0.6 N perchloric acid and 
homogenized with a glass tissue homogenizer. The homoge- 
nate was centrifuged and neutralized with 5 M potassium 
carbonate. Aliquots of the neutralized homogenate were then 
analyzed for adenosine triphosphate by the method of 
Bucher!? as modified by Adams,!* utilizing preweighed re- 
agent vials (Sigma No. 336 UV). Creatine phosphate was 
measured by adding an excess of creatine kinase to the 
adenosine triphosphate assay reaction mixture after the 
adenosine triphosphate assay reaction had come to comple- 
tion, as reported by Altschuld et al.!5 The addition of creatine 
kinase converts any creatine phosphate present to adenosine 
triphosphate; this newly generated adenosine triphosphate 
is *assayed" by the original adenosine triphosphate assay 
reagent mixture and a second optical density change is re- 
corded that is proportional to the creatine phosphate content. 
Simultaneous adenosine triphosphate and creatine phosphate 
standards were assayed in parallel with the tissue samples. 
Tissue high energy phosphate and lactate levels are expressed 
per gram dry weight. 

Data analysis: All data are reported as the mean + stan- 
dard error of the mean. Statistical analysis was performed with 
use of Student's t test.!6 


Results 


Mechanical Variables 


Contractile function and diastolic pressure: 
During the preischemic control period the two groups 
had virtually identical levels of contractile function and 
diastolic pressure (Fig. 3). During ischemia there was 
no contractile function and the hearts in both groups 
were mechanically and electrically asystolic. In the no 
stretch group the collapsed left ventricular balloon was 
filled to the preischemic control ventricular volume at 
30, 60 and 90 minutes to measure the contracture 
pressure (Fig. 3, lower panel); severe contracture de- 
veloped in the no stretch group during the ischemic 
period to a level of 110 + 14 mm Hg intraventricular 
pressure after 90 minutes of ischemia. 

Stretch volume: In the stretch group, the balloon 
volume was filled to the “stretch volume" every 5 min- 
utes during ischemia. (The “stretch volume" was de- 
fined as the volume required to produce the preischemic 
level of left ventricular systolic pressure when infused 
into the ventricular balloon after 5 minutes of ischemic 
arrest.) The average preischemic control balloon volume 
in the stretch group was 0.5 + 0.1 ml; the average stretch 
volume was 1.2 + 0.1 ml. 

Effect of injecting a stretch volume (Fig. 4): The 
relatively small degree of contracture that occurred 
during the 5 minute intervals between the stretches was 
always lysed by a single balloon expansion. The pre- 
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astolic volume immediately before the stretch) at 30, 60 
and 90 minutes of ischemia was 1.9 + 0.6, 12.7 + 2.7 and 
10.5 + 2.2 mm Hg, respectively. The 30 minute value 
was not significantly different from the preischemic 
value of 3.5 + 0.8. The values at 60 and 90 minutes were 
significantly greater than the preischemic and 30 min- 
ute values (p <0.01), but there was no significant dif- 
ference between the 60 and 90 minute values. 

The lower panel of Figure 3 shows the degree of con- 
tracture in the stretch group, measured immediately 
after the stretch volume was injected and removed at 
30, 60 and 90 minutes of ischemia. Contracture pressure 
was measured with the control volume in the balloon; 
no contracture was present at these times during isch- 
emie in the stretch group. 

Intraventricular pressure and compliance: 
During the injection of the stretch volume, the intra- 
ventricular pressure increased to a level that depended 
on the passive stiffness or diastolic compliance of the 
ventricle. Thus, the peak ventricular pressure at the 
stretch volume (“peak stretch pressure") was an indirect 
measure of passive ventricular compliance. At 5 minutes 
of ischemia the peak stretch pressure was 83 + 2 mm 
Hg; this variable decreased by 15 mm Hg during the 
subsequent 20 minutes (Fig. 2), indicating an increase 
in passive ventricular compliance and possible stress 
relaxation or hysteresis resulting from the intermittent 
stretch. After 30 minutes of ischemia, the peak stretch 
pressure progressively increased, indicating an increase 
in effective stiffness of the ventricle. After 50 minutes 
of ischemia, peak stretch pressure was significantly 
greater than the 5 minute value, and by the end of the 
ischemic period it was 183 + 6 mm Hg, indicating a 
substantial resistance to ventricular filling to the level 
of the stretch volume. 

Reflow period recovery: In the reflow period, the 
stretch group showed a trend toward a greater level of 
contractility (Fig. 3). After 60 minutes of reflow, de- 
veloped pressure in the no stretch group was 27 + 5 
percent of the control value compared with a 38 + 3 
percent recovery of developed pressure in the stretch 
group (p = 0.05 to 0.10). Recovery of dP/dt was 35 +7 
percent in the no stretch group compared with 54 + 1 
percent in the stretch group (p = 0.05 to 0.10). These 
differences are not statistically significant. However, 
in the last 30 minutes of the reflow period the stretch 
group was continuing to show a greater rate of recovery 
than that of the no stretch group. The rate of recovery 
of developed pressure was 6.7 + 1.0 versus 2.8 + 1.1 mm 
Hg/30 min (p «0.025) for the stretch versus no stretch 
group, and the rate of recovery of dP/dt was, respec- 
tively, 102 + 35 versus 61 + 19 mm Hg/s per 30 min (p 
<0.05). Thus, if the reflow period had been longer, it is 
possible that the stretch group would have manifested 
a significantly higher level of contractile function. 

Contracture during reperfusion: At the start of 
reperfusion in the no stretch group, contracture im- 
mediately intensified and then subsequently decreased. 
In the stretch group contracture developed with the 
start of reperfusion, reached its maximum early in the 
reperfusion period and subsequently decreased roughly 
in parallel with the no stretch group. The stretch group 
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had significantly less contracture pressure throughout 
the reperfusion period (Fig. 3). 


Metabolic Variables 


Coronary venous lactate levels: These levels could 
not be measured during the ischemic period because 
there was no coronary flow. The lactate concentration 
in the coronary venous effluent, collected in the initial 
15 seconds of reperfusion, was 5.57 + 0.28 mM in the no 
stretch group and 5.67 + 0.21 mM in the stretch group 
(probability [p] value not significant [NS]). Presumably 
these values reflect the tissue concentration of lactate 
at the end of the ischemic period. The coronary venous 
lactate concentration remained above the 1.0 mM ar- 
terial level for 4 to 5 minutes of reperfusion. The area 
under the washout curve reflected the amount of lactate 
that accumulated in the myocardium during the period 
of ischemia. In the no stretch group calculated ischemic 
lactate accumulation was 271 + 28 umol/g compared 
with 338 + 39 umol/g in the stretch group (p = NS). 
Thus, intermittent stretch did not significantly affect 
myocardial lactate metabolism. 

Tissue high energy phosphate levels: These levels 
were decreased at the end of the recovery period relative 
to the preischemic control values; however, there was 
no significant effect of stretch upon them. In a series of 
five hearts that were perfused with oxygenated buffer 
and freeze-clamped at the end of the 30 minute pre- 
ischemic control perfusion period, the tissue adenosine 
triphosphate and creatine phosphate levels were 24.1 
+ 1.7 and 49.8 + 0.5 umol/g, respectively. At the end of 
the recovery period, the adenosine triphosphate level 
in the stretch group was 7.8 + 0.05 umol/g compared 
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FIGURE 4. Reversal of contracture by balloon expansion and collapse. 


A typical left ventricular pressure (LVP) tracing during one balloon ex- 
pansion and collapse during ischemic arrest is shown; this balloon filling 


occurred after 60 minutes of ischemia. The control balloon volume 


(B.V.) was 0.9 ml; 20 mm Hg of contracture had developed since the 
previous balloon filling at 55 minutes of ischemia. At the arrow, the 
balloon was filled to the stretch volume of 2.1 ml. This maneuver in- 
creased left ventricular pressure to 90 mm Hg. After approximately 1 
second, balloon volume was returned to the control volume of 0.9 ml. 
This single filling and emptying of the ventricular balloon reversed the 
contracture that had occurred. 
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with 8.2 + 0.9 umol/g in the no stretch group (p = NS) 
and the creatine phosphate level was 26.7 + 2.4 umol/g 
in the stretch group compared with 25.3 + 3.3 umol/g 
in the no stretch group (p = NS). 

Myocardial edema: The intermittent stretch did not 


affect the degree of myocardial edema. The dry/wet 


weight ratio of normal rabbit myocardium was deter- 
mined immediately after removal of the myocardium 
from the thorax and was 0.223 + 0.005 (n = 6). After 30 
minutes of perfusion with well-oxygenated buffer the 
dry/wet weight ratio was 0.223 + 0.040 (n = 5, p = NS). 
After the ischemic and reperfusion periods the dry/wet 
weight ratio in the stretch group was 0.147 + 0.009 
compared with 0.141 + 0.007 in the no stretch group (p 
= NS). Thus, during ischemia and reperfusion the 
amount of myocardial edema was equivalent in both the 
stretch and no stretch groups. 


Discussion 


The purposes of our experiments were to simulate the 
conditions of the global ischemic arrest of cardiac sur- 
gery, to permit ischemic contracture to occur and to 
determine whether contracture could be prevented or 
reversed by intermittent stretching of the ventricular 
wall during the period of ischemic arrest. We wished to 
produce enough stretch to rupture any contracture 
bonds without overstretching the myocardium. Ac- 
cordingly, we chose to use a stretch volume that re- 
created the preischemic systolic pressure when this 
volume was injected into the arrested ventricle before 
any increase in myocardial stiffness had developed. 
Preliminary experiments indicated that a stretch vol- 
ume of this size would effectively lyse contracture (Fig. 
4). 

Degree of intraventricular stretch compatible 
with recovery of contractile function: We reasoned 
that a noncontracting ischemic region of the ventricular 
wall is subjected to the stretching force of the systolic 
intraventricular pressure just as the entire arrested 
ventricle was subjected to the stretch volume and 
pressure in our study. After reviewing several studies 
in which systolic aneurysmal bulging was induced by 
coronary occlusion, we concluded that a small number 


. of stretches of the magnitude of our selected stretch : 


volume and pressure should not overstretch the myo- 
cardium to the point of decreasing recovery of con- 
tractile function. During a coronary occlusion the 
ischemic segment develops an aneurysmal bulge or 
paradoxical systolic stretch that acutely increases the 
ischemic segment length during systole to a value 10 to 
30 percent greater than the preocclusion end-diastolic 
segment length.!7-?? [n ischemic ventricular segments 
complete contractile function was restored after a 
transient (5 to 15 minute) coronary occlusion associated 
with an aneurysmal bulge that was 10 to 15 percent 
greater than the preocclusion end-diastolic segment 
length!?.18; therefore, this degree of stretch did not ap- 
pear to impair recovery of contractility and raised the 
possibility that greater degrees of stretch might also be 
well tolerated if a relatively small number of stretches 
were applied. In our stretch group the mean stretch 
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volume of 1.2 ml was 2.4 times greater than the mean 
control diastolic volume of 0.5 ml. Because circumfer- 
ence varies as the cube root of the volume, injection of 
our stretch volume increased circumferential fiber 
stretch by approximately 34 percent more than the 
control diastolic length. Thus, the 18 stretches imposed 
by the balloon filling every 5 minutes were at the upper 
end of the range of stretch that occurs in an ischemic 
segment after a coronary occlusion and is compatible 
with complete recovery of contractile function. 

Effect of intermittent stretch on ischemic con- 
tracture: stress relaxation: Our results demonstrated 
that a periodic (every 5 minutes) stretch of the ven- 
tricular wall completely reversed the ischemic con- 
tracture that occurred. The intermittent stretching may 
have affected diastolic compliance during the ischemic 
period partly by a mechanism of stress relaxation or 
hysteresis. Stress relaxation or hysteresis was probably 
responsible for the decrease in the peak stretch pressure 
that was observed after the initial stretch at 5 minutes 
of ischemia until 30 minutes of ischemia. After 30 
minutes of ischemia, significant contracture occurred 
and the peak stretch pressure increased (Fig. 2). How- 
ever, the maximal stress relaxation or hysteresis effect 
(that is, the decrease in peak stretch pressure at 10 to 
20 minutes of ischemia [Fig. 2]) was 15 mm Hg, and this 
15 mm Hg decrease in ventricular pressure occurred at 
a balloon volume 2.4 times greater than the control di- 
astolic volume. Because contracture pressure was 
measured at the control diastolic volume, any effect of 
stress relaxation or hysteresis to decrease the contrac- 
ture pressure would be substantially less than the 15 
mm Hg effect measured at peak stretch volume. Be- 
cause intermittent stretching decreased the contracture 
pressure by 110 mm Hg (measured at the control dia- 
stolic volume), a mechanism other than stress relaxation 
or hysteresis must be invoked. Furthermore, at the end 
of the 5 minute interstretch intervals the diastolic 
pressure in the stretch group remained quite low (less 
than 13 mm Hg). If the stretch had simply caused stress 
relaxation or hysteresis of the myocardium in contrac- 
ture, the diastolic pressure should have increased to the 
level of the no stretch group by 5 minutes after the 
stretch. The observation that the diastolic pressure 
remained relatively low in between stretches suggests 
that the intermittent stretching caused a relatively 
permanent change in the diastolic characteristics of the 
myocardium such as would result from the rupture of 
contracture or rigor bonds. 

Effect of intermittent stretch: rupture of con- 
tracture bonds: Ischemic contracture results from rigor 
bond formation between actin and myosin fibers; these 
rigor complexes form when the adenosine triphosphate 
concentration decreases below a critical level. Once 
contracture occurs, the rate of adenosine triphosphate 
breakdown is accelerated." At the end of the reperfusion 
period the creatine phosphate and adenosine triphos- 
phate levels were significantly lower than the control 
preischemic level, but were not affected by the inter- 
mittent stretch. We did not measure tissue adenosine 
triphosphate and creatine phosphate at the end of the 
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ischemic period before reperfusion. If the intermittent 
stretch preserved tissue high energy phosphate levels 
during ischemia, this difference did not persist into the 
recovery period. The applied stretch probably ruptured 
the rigor complexes after they had formed and may not 
have prevented the accelerated adenosine triphosphate 
hydrolysis associated with rigor bond formation. This 
speculation is consistent with the lack of effect of the 
stretch on the high energy phosphate levels and also 
with the observation that a mild degree of contracture 
occurred during the 5 minute interstretch intervals (Fig. 
4). The intermittent stretch did not affect lactate me- 
tabolism or myocardial edema; therefore, the effect of 
stretch on diastolic compliance was not mediated by 
alteration of one of these metabolic variables. 

The lack of a metabolic effect of the intermittent 
stretch, the observation that the diastolic pressure re- 
mained low during the 5 minute interstretch intervals 
and the complete absence of contracture when mea- 
sured after a stretch, all strongly suggest that the in- 
termittent stretching ruptured any rigor or contracture 
bonds that formed during the interstretch intervals. 

Contracture during reperfusion: The protective 
effect of the intermittent stretch on diastolic compliance 
persisted throughout the reperfusion period; however, 
the development of contracture during reperfusion was 
not completely prevented, which is not altogether sur- 
prising because contracture appears to be caused by 
different mechanisms during ischemia and during 
postischemic reperfusion.?!:22 The increase in diastolic 
pressure at the time of reperfusion could also be due in 
part to an "erectile effect," by which the increase in 
coronary perfusion pressure decreases myocardial 
compliance.?? Because no stretch was applied during the 
reperfusion period, the greater diastolic compliance in 
the stretch group during reperfusion was a persistent 
effect of the stretches that had been applied during the 
ischemic period. Perhaps the prolonged period of severe 
contracture in the no stretch group during ischemia 
directly damaged the contractile apparatus so that more 
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severe contracture persisted during reperfusion; because 
severe contracture was prevented from developing in 
the stretch group, the contractile apparatus may have 
been spared this damage. This speculation is also con- 
sistent with the observed trend toward a greater re- 
covery of contractile function in the stretch group. 

In this study we varied neither the frequency nor the 
amount of ventricular stretch that was applied. We 
chose a frequency of every 5 minutes because we be- 
lieved that this interval might be tolerated by the sur- 
geon should it prove beneficial. It is possible that more 
frequent stretching would be more beneficial, that the 
same protective effect could be achieved with less fre- 
quent stretching or that applied stretch during the re- 
perfusion period could lyse the contracture that oc- 
curred at that time; these possibilities need to be ex- 
plored with additional studies. | 

Clinical implications: Our results may have sig- 
nificant clinical implications. Diastolic ventricular 
properties may be altered during cardiac surgery, 
especially when ischemic arrest is employed. Severe 
ischemic contracture in the form of the stone heart 
syndrome, although relatively infrequent, has an in- 
variably fatal outcome.? The application of direct me- 
chanical stretch may warrant consideration in this dire 
circumstance. More frequently, left ventricular diastolic 
compliance is only mildly or moderately decreased after 
cardiac surgery when ischemic arrest is employed.!9.11 
The decrease in compliance can result in a high diastolic 
filling pressure, a reduced diastolic volume and a low 
cardiac output. It is likely that this decrease in com- 
pliance represents a mild degree of contracture; our 
study suggests that this complication may be prevented 
or reversed by the application of intermittent myocar- 
dial stretch during the period of ischemic arrest. 
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Blood platelet trapping has been demonstrated in the area of evolving 
myocardial infarction in baboons. Sixteen baboons were subjected to li- 
gation of the diagonal branch of the left anterior descending coronary 
artery, and the extent of myocardial ischemia was monitored with a 64 
to 72 electrode epicardial electrocardiographic grid. Eight animals re- 
ceived no treatment and eight were pretreated twice (at 12 hours and at 
2 hours before ligation) with aspirin, 600 mg orally. Measurement of infarct 
extent included all electrode points with S-T segment elevation of 2 mV 
or greater. Chromium-5 1-tagged autologous platelets were injected 15 
minutes before ligation. In all animals an area of ischemia developed in 
which typical changes evolved in S-T segments. In three of the eight as- 
pirin-treated animals, double ligation was carried out. Aspirin was ad- 
ministered after release of the first ligature but before religation, and the 
area of S-T segment elevation was reduced by as much as 23 percent after 
aspirin treatment. 

Platelet trapping outside the area of S-T elevation was seen in 25 + 
3 percent of the total wall samples in aspirin-treated animals compared 
with 44 + 7 percent of those in control animals (p <0.05). There was in- 
creased platelet trapping in the epicardium compared with the endo- 
cardium in all areas (normal and ischemic) at a ratio of 1:0.7. It is con- 
cluded that platelet trapping occurs at the margins of myocardial infarcts 
in primates and can be significantly reduced by pretreatment with as- 
pirin. 


Blood platelets may play an important role in the evolution of an acute 
myocardial infarct. The induction of transient platelet aggregates by 
injection of adenosine diphosphate (ADP) into the myocardial circula- 
tion of the pig for a period of 4 to 5 minutes produces cardiac dysfunc- 
tion! and myocardial infarction by transient interruption of the micro- 
circulation. Histologic assessments of evolving infarcts demonstrated 
platelet and fibrin thrombi?? as well as red blood cell sludging^? in the 
ischemic area. Electron microscopic studies9-? revealed that the initial 
platelet layer does not attach to damaged endothelial cells, but rather 
to newly exposed collagen fibers in the connective tissue beneath dam- 
aged endothelium. This formation of platelet plugs at the sites of cap- 
illary damage, presumably due to stasis and hypoxemia, seems to further 
compromise blood flow to the ischemic tissue.9:!? Finally, it is known that 
platelets and red cells release factors such as histamine, serotonin and 
lysosomal enzymes that can increase vessel wall permeability and cause 
perivascular edema and tissue injury.!! 

Aspirin is known to reduce platelet aggregation in vivo and in vitro. 
It inhibits the second wave of aggregation induced by ADP (release re- 
action) as measured by optical densitometry and abolishes the response 
to collagen.!?-14 This inhibitory effect is still detectable 4 to 7 days later, 
although there is no salicylate present in the plasma,!?:9 and is due to 
an inhibitory effect of aspirin on platelet prostaglandin syn- 
thesis.!7-19 
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The present study was undertaken to investigate 


platelet trapping in the ischemic area of a myocardial 


infarct in the baboon and to assess the influence of as- 
pirin on platelet aggregation and platelet trapping in 
the border and central areas of an evolving myocardial 
infarction. The results confirm the presence of platelet 
trapping and its inhibition by aspirin, thus suggesting 
a potentially beneficial effect of aspirin on the evolution 
of an acute myocardial infarction. 


Methods 


Experimental preparation: Two hundred fifty cc of whole 
blood was withdrawn and stored in 50 cc of acid-citrate-dex- 
trose solution (ACD) 12 hours before coronary arterial ligation 
in each of 16 baboons (Papio anubis) with a body weight of 12 
to 15 kg. The platelets were separated and labeled with 
chromium-51 as described later and the red cells reinfused. 
All animals subsequently underwent coronary arterial ligation. 
Eight served as a control group and eight received aspirin 
before arterial ligation. Three animals in the latter group had 
a prior 25 minute period of ligation before aspirin was ad- 
ministered. 

Animals received Sernylan® (6 cc intramuscularly) and 
anesthesia was maintained with intravenous sodium pento- 
barbital as necessary. All animals were intubated and venti- 
lated with a Harvard respirator. Through a lateral thoracot- 
omy, the heart was suspended in a pericardial cradle. Sixty- 
four to 72 Teflon$-coated silver wires were affixed to the ep- 
icardium using the following technique: Teflon-coated silver 
wires (Medwire, Inc., Mt. Vernon, New York) approximately 
50 cm in length and 0.02 mm in thickness were deinsulated at 
both ends and one end was tied to a cotton suture at 5 mm 
intervals. Seven to nine rows of cotton sutures with preat- 
tached electrodes were fixed to the epicardial surface at both 
ends, forming rows parallel to each other at a distance of 5 to 
6 mm and perpendicular to the major axis of the heart (base 
to apex). Seven of these rows contained nine wires, the re- 
mainder seven. Rows were numbered 1 through 8 from the left 
anterior descending coronary artery laterally and vertical 
columns were lettered A to G (Fig. 1). The wire grid covered 
the whole anterior wall of the left ventricle with row and col- 
umn separations of 5 mm, which gave a 25 mm? area of reso- 


Snare 


cotton suture 
with electrodes 





FIGURE 1. Distribution of the electrodes on the epicardial surface of 
the left ventricuiar anterior wall. Because of the perspective, the dis- 
tances between the electrodes in the rows are shortened. Only one 
representative row with electrodes is drawn at the top. Ao = aorta; LA 
= left atrium; LAD = left anterior descending coronary artery; PA = 
pulmonary artery; RV = right ventricle. 
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lution for each lead. The wires were connected to a distributor 
box, allowing the simultaneous recording of four electrocar- 
diograms on a Brush 4 channel recorder at a speed of 25 mm/s 
and shortening the time required to record the precordial 
leads. The calibration was such that 1 mm equaled 1 mV. 

After the grid was placed and baseline data were obtained, 
the largest diagonal branch of the left anterior descending 
coronary artery was ligated with a removable snare. Unipolar 
tracings obtained before ligation served as a control for sub- 
sequent grid recordings at 10, 20, 40, 60, 90 and 120 minutes 
and hourly thereafter until the termination of the experiment 
6 hours after ligation. S-T elevation of 2 mV or greater was 
considered to signify myocardial ischemia.!9:2? The values of 
S-T elevation in the control electrocardiograms were sub- 
tracted from those in the electrocardiograms recorded later. 
S-T elevation was rarely greater than 1 mV and always less 
than 2 mV in control recordings. S-T elevation was measured 
from the beginning of the QRS complex to the J point. The 
results were expressed as number of points with S-T elevation 
greater than 2 mV (NST) and as the sum of S-T elevation in 
millivolts (ZST). In each experiment the arterial pressure was 
measured with a Statham pressure transducer (Statham 
P23dB). 

Platelet-tagging procedure (modification of Abra- 
hamsen?!): The predrawn 250 cc blood sample, anticoagu- 
lated with 50 cc of ACD, was centrifuged at 1,000 rpm (191 g) 
for 15 minutes at room temperature. After the supernatant 
platelet-rich plasma (PRP I) was collected, the remaining 
blood was diluted with Ringer's lactate plus dextrose solution 
and reinfused into the animal. The PRP I was again centri- 
fuged at 1,000 rpm for 10 minutes; this yielded PRP II. The 
latter was spun again at 1,700 rpm (495 g) for 30 minutes, 
which gave a button of platelets (Button I) in the bottom of 
the tube and platelet-poor plasma (PPP) in the supernatant. 
To Button I, 5 ml of Ringer's lactate-dextrose solution and 1 
aCi of chromium-51 were added, and the resulting incubation 
mixture was agitated for 30 minutes and then washed with 30 
ml of platelet-poor plasma. By centrifuging the incubation 
solution at 1,700 rpm for 30 minutes, Button II was obtained. 
Suspending Button II in 15 ml platelet-poor plasma plus 50 
mg ascorbic acid gave the platelet suspension, which was ag- 
itated for 30 minutes. 

Quality control procedures in our laboratory have docu- 
mented only a minor influence of red cell and plasma con- 
taminants on this platelet-labeling technique. Labeled 
platelets accounted for 99.13 percent of the activity in the 
suspension, whereas red cells made up 0.72 percent and 
plasma 0.15 percent. An average of 2,379,111.1 + 340,471 
platelets was obtained in the suspension, which was injected 
intravenously 10 to 15 minutes before ligation. | 

Because of different whole blood platelet counts the number 
of platelets in each suspension showed a wide variability 
(1,110,000 to 3,816,000). This resulted in a wide range in ab- 
solute levels of radioactivity in the labeled platelet suspension, 
a condition that made a comparison of absolute values among 
animals impossible. To allow such comparison all platelet- 
trapping values were expressed as percent of the platelet 
trapping in noninfarcted myocardium. 

Left ventricular myocardial specimens: At the end of 
each experiment, the animals were killed with hypertonic 
potassium chloride solution, the heart was excised, the ven- 
tricles and coronary arteries were flushed with saline solution 
and the weight and volume were determined. After a 14 hour 
fixation in formalin and after the gross epicardial fat and blood 
vessels were discarded, the free wall of the left ventricle was 
cut into eight or nine strips parallel to the cotton suture. These 
strips were again divided so that a 30 to 40 mg wedge of myo- 
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cardial tissue corresponded to that 25 mm? area about an 
electrode point. Each of these specimens was cut into a sub- 
endocardial and a subepicardial half. For each strip, one 
specimen of the posterior left ventricular wall later served as 
a reference for the noninfarcted myocardium. Computer 
analysis produced the final results as counts per minute 
(cpm)/g and these were calculated as a percent of platelet 
trapping in the infarcted area compared with that of nonin- 
farcted myocardium taken from the posterior left ventricular 
wall (cpm of noninfarcted myocardium = 100 percent). After 
viewing the data, to aid in display and data analysis we arbi- 
trarily selected a figure of 150 percent or more as signifying 
moderately increased platelet trapping and a figure of 300 
percent or more as showing markedly increased platelet 
trapping. 

These values were printed out in a grid so that a point to 
point comparison could be made of the platelet trapping of 
each specimen with its corresponding S-T recording. 

Aspirin administration: Five animals received aspirin 
tablets (Bayer®) diluted in 0.9 percent saline solution in a 
single dose of 600 mg orally through a stomach tube 12 and 2 
hours before ligation. 

Double ligation and aspirin: To assess the influence of 
aspirin on the temporal course of the S-T segment elevation 
in the very early period of infarction, the same coronary artery 
was ligated twice in three of the aspirin-treated animals. 
Electrocardiographic recordings were obtained before and 5, 
10, 15, 20 and 25 minutes after the first occlusion. The snare 
was then released and aspirin immediately administered in 
the same dosage as in the other animals. Within 2 hours the 
elevated S-T segment values returned to control values. After 
a control electrocardiogram was taken, the vessel was again 
occluded and the epicardial electrocardiograms were repeated 
in the same time intervals as before and then hourly up to 6 
hours. The results were expressed as temporal course of the 
NST and percent reduction of NST after the administration 
of aspirin. 

Statistical method: Student’s t test adapted for unpaired 
comparisons was used to determine the statistical significance 
of differences.22-74 


Results 


Electrocardiographic measurements: Epicardial 
electrocardiographic mapping is an established method 
for the determination of myocardial ischemia22-24 and 
is particularly accurate in the baboon in predicting in- 
farct size.?* However, it probably does little more than 
document an ischemic region in instances when an in- 
tervention is carried out before arterial ligation. The 
S-T data are presented here to document their repro- 
ducibility and consistency with those reported previ- 
ously and to validate their use in describing the ischemic 
area at risk. Figure 2 shows the area circumscribed by 
electrodes with S-T elevation of 2 mV or greater for two 
representative experiments in the aspirin-treated and 
the control group. The values obtained for each point 
are labeled in the respective squares and projected over 
the area circumscribed by the specimen with platelet 
trapping greater than 150 percent. In none of the 
aforementioned animals did the resulting area of S-T 
segment elevation exceed the grid size. 

Figure 3 shows the temporal course of the number 
of points with significant S-T elevation (expressed as 
percent of the maximal NST) and of the summated 
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L] = area of ST elevation (> 2 mV) Ņ = area of increased PT (> 150% of NIM) 


m — area of incresed PT (> 300% of NIM) 


FIGURE 2. Projection of the area of S-T elevation (2 mV or greater) over 
the area of increased platelet trapping (PT) (greater than 150 percent 
of noninfarcted myocardium [NIM]) in two representative animals. The 
shape of the two areas is almost congruent in the aspirin-treated animals 
(left panel). In some border points no increased platelet trapping occurs 
where there is S-T elevation. A central area is circumscribed in a 
specimen with platelet trappping greater than 300 percent of nonin- 
farcted myocardium. In the control group the area of platelet trapping 
extending beyond the area of S-T elevation was larger and the area of 
platelet trapping greater than 300 percent is not so uniform. 


values of absolute S-T elevations (ZST of 2 mV or 
greater) (expressed as percent of maximal EST) for 


both aspirin-treated and control animals. The two 


graphs are similar and only a single unit in each graph 
shows significant variation from control values. 

The three animals undergoing double ligation in 
which the ligature was released and reapplied allow 


assessment of the influence of aspirin on the temporal. 


course of the NST up to 25 minutes after ligation. The 
results in one animal, typical of all three, are depicted 
in Table I. After aspirin administration a consistent 
reduction of NST of as much as 23 percent was observed 
compared with NST in the control period of ligation in 
all three animals. The points that had previously shown 
S-T elevation but no S-T elevation after aspirin were 
always situated at the border, primarily along the 
medial or lateral border of the infarct close to the left 
anterior descending artery or obtuse marginal coronary 
artery. Figure 4 demonstrates the influence of aspirin 
on the electrocardiograms recorded at five selected 
electrodes. 'T'he upper row shows the electrocardiogram 
at 5 and 25 minutes with marked S-T elevation at 5 
minutes and no S-T elevation at 25 minutes (lower row) 
in the same points after administration of aspirin. Also, 


- 


407 


| 
| 
J 


= ET i ENTM. £ DP. WEE roe TES aa vo a 2a 





"s - 


p 


at, 


| 





|. PLATELET TRAPPING IN MYOCARDIAL INFARCT—RUF ET AL. — 


VR EE D i77 RC F W* 7-54 


PERCENT OF MAXIMAL NST 
> 
© 


100 


—$— aspirin 


è $ — control 


^ 
` 
< 
^ 
' ^ 
' ^ 
i na 
! ` 
i ` 
4 ` 
i ^ 
, - 
J - 
' hs 
' We 
‘ 
30 ' 
L 
L 


20 40 60 90 2 3 5 6 


MINUTES 
POST LIGATION TIME 


4 
HOURS 


FIGURE 3. Temporal course of the NST 
the earlier peak in the ÈST of the aspirin 
(difference at 6 hours statistically significant [p «0.05]). 


the R wave amplitude is higher at points B4, B5, D2 and 
G3 after aspirin. 

Concern about the effect of the initial ligation period 
on the subsequent ligation period in double ligation 
experiments is minimized by our double ligation data 
reported herein. Previous coronary ligation and reper- 
fusion experiments?5-? suggest that there is no signif- 
icant difference in the electrocardiographic recordings 
(NST, EST) between two ligation periods as long as the 
initial ligation period is less than 40 minutes. Because 
of these background data and because the double liga- 
tion experiments were only ancillary to the study as a 
whole, no control double ligation experiments were 
performed. 

Characteristics of myocardial platelet trapping: 
The areas and concentration of increased radioactivity 
were represented on a grid. Examples of such grids for 
representative animals from control and treated groups 
are seen in Figure 2. Usually a circumscribed area of 


TABLE | 


Comparison of the Total of Electrode Points With S-T 
Elevation of 2 mV or Greater (NST) in the Two 25 Minute 
Ligation Periods in a Representative Baboon 


NST 
Time (min) Control Aspirin Percent 
After Ligation (1st ligation) (2nd ligation) Reduction 

5 43 35 19 
10 42 36 14 
15 37 31 16 
20 35 30 14 
25 35 27 23 





Note: After aspirin administration, a reduction in NST of as much as 
23 percent (at 25 minutes) can be observed. 
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and ÈST in the two groups expressed as percent of maximum obtained for each of those values. Note 
-treated group (difference at 20 minutes [p <0.05]) as well as the lesser decrease of the NST over time 


platelet trapping greater than 150 percent was outlined 
that corresponded to the infarct size determined by the 
area of S-T segment elevation. In all animals, areas with 
platelet trapping of greater than 300 percent were seen 
whether or not animals received aspirin. Such areas 
usually occurred as a circumscribed region within the 
platelet trapping area of greater than 150 percent. 
Relation of subepicardial to subendocardial 
platelet trapping: The relation between platelet 
trapping in the endocardium and that in the epicardium 
was analyzed by considering epicardial cpm as 100 
percent and then expressing endocardial values as a 
percent of epicardial values (Table II). The data show 
that there was significantly less trapping of platelets in 
normal endocardium of control animals compared with 
that in ischemic endocardium (p <0.05). This difference 
was not seen after treatment with aspirin. 
Correlation of area of S-T elevation and area of 
increased platelet trapping: Projection of the area of 


TABLE Il 


Relation of Subepicardial to Subendocardial Platelet 
Trapping (mean values + standard error of the mean) 





Myocardial 
Noninfarcted Infarct 
Myocardium Area 
Samples Mean Samples Mean 
Group (n) (%) (n) (%) 
Aspirin-treated 31:5 75 X4 19 1 3 76 13 
Control 3715 51057 2245 71:18 


Note: The counts per minute in the epicardial samples are considered 
as 100 percent and the endocardial values are expressed as percent 
of epicardial values. 
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FIGURE 4. Selected points with S-T elevation in the control electrocardiogram in a baboon after double ligation in which there is no S-T elevation 
after administration of aspirin. Both recordings are at 5 and 25 minutes. Note the decrease in the amplitude of the R wave in some points (1 mm 


= 1 mV). 


maximal NST over the area circumscribed by specimens 
with a platelet uptake of greater than 150 percent of 
noninfarcted myocardium (Fig. 5, left three pairs of 
columns) shows a larger number of samples (expressed 
as percent of maximal number of samples with platelet 
trapping greater than 150 percent) outside the area of 
S-T elevation in the control group compared with that 
of the aspirin-treated group. This is significant for ep- 
icardium (p <0.05), endocardium (p <0.02) and total 
wall (p <0.05), indicating that the area of increased 
platelet trapping was smaller in animals treated with 
aspirin. The same tendency for decreased platelet 
trapping in aspirin-treated animals is noted when all 
platelet-trapping values (expressed as percent of non- 
infarcted myocardium) that occur outside the area of 
S-T elevation of 2 mV or greater are summated and 
compared in the aspirin-treated and control groups (Fig. 
5, right three pairs of columns). Again, this difference 
is statistically significant for either layer of the wall. 

Comparison of platelet trapping at the center and 
margins of the ischemic area as determined by S-T 
elevation: If points lying at the perimeter of the area 
of S-T elevation as well as points in the center (defined 
as electrode points at least one point on the grid central 
to any perimeter point) are projected over the plate- 
let-trapping grid, the values for platelet trapping oc- 
curring at the center and margin of the area of ischemia 
(defined by S-T elevation) can be determined and 
compared. Not all the grid areas of S-T elevation were 
large enough to allow a border and center to be defined 
circumferentially by our criteria, so that this comparison 
could be made only in animals with a sufficiently large 
infarct (Table III). A tendency toward increased platelet 
trapping (mean values) in the central area as compared 
with the border is noted in the aspirin-treated group; 
however, this difference is not significant. 

In control animals, there is the same tendency for 
increased platelet trapping in the central area, but again 
this difference was not significant for either total wall, 
endocardium or epicardium. However, by evaluating the 
data in individual animals (Table III) significantly 
greater platelet trapping is noted in the center of the 


infarct in several animals: animal 1 (total wall), animal 
3 (total wall, epicardium and endocardium), animal 5 
(total wall, epicardium and endocardium) and animal 
6 (total wall, epicardium and endocardium). There is 
also increased platelet trapping in the endocardium of 
control animals 1 and 3 (744 + 181 percent and 421 + 
37 percent, respectively). 

Comparison of platelet trapping in the margins 
and center of the area of ischemia as defined by 
platelet trapping of greater than 150 percent: In all 
experiments, a circumscribed area was formed in 
specimens with platelet trapping of more than 150 
percent of the noninfarcted myocardium (Fig. 2). 
Usually, these areas were so large that perimeter points 
could be compared with center points by calculating the 
mean percent of platelet trapping for each area. Figure 
6 shows again a tendency to an increased platelet uptake 
in aspirin-treated animals in the center of the ischemic 
area as compared with the border, which is not signifi- 
cant for the total wall and the epicardium, but is sig- 
nificant for the endocardium (p <0.05). For the control 
group no significant differences were noted. 


Discussion 


Role of platelet thromboemboli in myocardial 
infarction: Patients with an acute myocardial infarc- 
tion have increased blood platelet sensitivity to aggre- 
gation and adhesion soon after diagnosis and during the 
first week of treatment.?5-9 Whether this increased 
platelet sensitivity contributes to the pathogenesis or 
evolution of the myocardial infarction or whether it is 
a consequence of the myocardial infarction is not 
known. Nevertheless, the formation and subsequent 
growth of platelet thrombi in the coronary microcircu- 
lation could further reduce coronary blood flow and 
result in an increase in infarct size.?! Moschos et al.?? 
showed that multiple small platelet thromboemboli 
from an experimental coronary thrombus can enlarge 
the area of myocardial ischemia. However, more re- 
cently?? they were unable to demonstrate accumulation 
of chromium-51-tagged platelets in the area of infarc- 
tion produced by mechanical occlusion of the coronary 
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Comparison of Platelet Trapping in the Border* and Center Areas of Ischemia as Defined by S-T Elevation’? (mean values + 


standard error of the mean) 


Asprin-treated 
Mean (%) t Value 

Animal Area Border Center (df) p Value 
1 TW 218 23 ^| 285 X 21 2.15 (31) «0.05 
Epi 191-5 19 . 290+ 23 1.86 (27) 20.05 
Endo 196 4.25 293+ 25 2.71 (26) >0.05 
2 TW 20533 238 + 34 0.70 (16) >0.05 
Epi 197 £32 294+ 53 1.58 (16) >0.05 
Endo 202 +34 294+ 49 1.53 (16) >0.05 
3 TW 1594-12 254+ 27 3.69 (12) <0.01 
Epi 13449 158+3 2.40 (12) <0.05 

Endo 1671 12 263+ 10 4.90 (12) «0.001 
4 TW 146 + 10 171+ 15 1.37 (14) >0.05 
Epi 146 + 11 181 + 27 1.20 (14) >0.05 
Endo 152 + 23 175 + 30 0.63 (14) >0.05 
5 TW 85+9 137 + 12 3.53 (21) <0.01 
Epi 91+ 10 1444 13 3.28 (21) <0.01 
Endo 128 + 21 202 + 25 2.28 (21) <0.05 
6 TW 169210 2232 18 3.42 (16) <0.01 
Epi 148+7 197+ 13 2.51 (16) <0.05 

Endo 163 +12 ^ 274+ 23 4.46 (16) «0.001 
Mean TW 162 4 19 2182 22 1.89 (10) 20.05 
Epi 1513 16 202+ 23 1.83 (10) 20.05 


Endo 1683 11 250+ 20 3.52 (10) «0.01 


Control 
Mean (96) t Value 
Animal Area Border Center (df) p Value 
1 TW 419 + 57 636 + 58 .67 (24) «0.05 
Epi 308 + 54 382 + 76 .78 (24) >0.05 
Endo 5334126 744+ 181 .84(24) >0.05 
2 TW 157 + 20 15945 .14 (32) >0.05 


2 
0 
0 
0 
Epi 130 + 19 111245 0.92(31) 20.05 
Endo 156+ 17 19148 1.89 (32) >0.05 
3 TW 143 + 18 278 + 16 5.56(21) «0.001 
Epi 183 + 21 265 + 28 2.36 (20) <0.05 
Endo 187+ 35 421+ 37 4.64(21) «0.001 
4 TW 245 + 17 271+ 12 1.18 (32) 20.05 
Epi 202 + 14 236 + 10 1.90(31) 0.05 
Endo 155 t 11 183 + 9 p. 
5 TW 211 12 528 + 93 3.9 
Epi 195 + 15 591i: 119 3.8 
Endo 208+ 20 233 + 8 0.9 


.74 (31) 20.05 
.92 (12) <0.01 
1(12) <0.01 
2(11) >0.10 


Mean TW 235 + 50 374 + 89 1.36 (8) — 20.05 


Epi 203 + 29 317 + 81 1.31(8) — 290.05 
Endo 248 t 72 354 + 106 0.82(8) 290.10 


* Border area is defined as those points lying at the perimeter of the area of S-T elevation. t Area of S-T elevation is projected over the piatelet- 
trapping grid. * This excludes five animals in which only data on total wall were available and endocardial and epicardial values were not mea- 


sured. 


df = degrees of freedom; Endo = endocardial; Epi = epicardial; p = probability; TW = total wall. 
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FIGURE 5. Projection of the area outlined by points with S-T elevation 
2 mV or greater over the area of platelet trapping (PT) greater than 150 
percent. In the three sets of columns on the left, the number of samples 
lying outside the area of S-T elevation is expressed as percent of the 
total number of specimens with platelet trapping greater than 150 
percent. In three sets on the right, the sum of the noninfarcted myo- 
cardial percents of the individual samples is expressed as a percent 
of the tctal. Significantly fewer specimens are overlapping the area of 
S-T elevation in the treated group compared with that of the untreated 
group. 
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FIGURE 6. Comparison of border and center in the area circumscribed 
by specimens with platelet trapping greater than 150 percent. The 
border is defined as the points lying at the perimeter of this area. A 
significant difference can be described only for the endocardium cf the 
aspirin-treated group, although the tendency towards a larger platelet 
trapping in the center in both groups is consistent. ENDO = subendo- 
cardial; EPI = subepicardial; TW = total wall. 
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arteries. Using a 20 lead precordial grid they also were 
unable to demonstrate any change in myocardial isch- 
emia after aspirin therapy, although the aspirin-treated 
group had significantly less mortality, primarily because 
of a reduced incidence of ventricular fibrillation. 

We believe that the explanation for the difference 
between the most recent study of Moschos et al. and our 
current work is related to the intrinsic shortcomings of 
the dog as an experimental animal for myocardial in- 
farction. The well recognized subepicardial collateral 
network unique to canine species results in a highly 
variable distribution of infarction, some animals sus- 
taining no significant muscle damage after coronary 
occlusion. The failure of evolution of the S- T segment 
changes in the control group of Moschos et al. over the 
4 hours of observation is probably a reflection of this 
collateral flow. We are currently assessing the relation 
between the perfusion bed and the precordial S-T map 
in dogs, primates and pigs. The relation between the two 
is remarkably consistent in primates and pigs and even 
in the dog within the first few minutes after ligation. 
However, in many dogs after 15 minutes collateral flow 
obviously becomes established, resulting in resolution 
of cyanosis, return of function and rapid disappearance 
of S-T segment elevation. In other animals prolonged 
S-T segment elevation is maintained, as seen in the 
experiment of Moshos et al. This latter work also doc- 
umented a lower mortality rate in aspirin-treated than 
in control animals. Demonstration of platelet mi- 
croemboli in the myocardial circulation has been re- 
ported in patients dying of cardiac arrest.?^ 

Effect of aspirin on myocardial platelet uptake 
in ischemic area: The present study demonstrates a 
reduction of myocardial platelet uptake in an ischemic 
area after ligation of a diagonal branch of the left an- 
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terior descending coronary artery in baboons pretreated 
with aspirin. The aspirin dosage used in these experi- 
ments (2 X 600 mg) was larger than might be necessary 


to influence platelet function alone.?? The small dif- 


ferences observed in the evolution of the S- T elevation 
(NST) and the sum of S-T elevation (ZST) of a pre- 
cordial grid between aspirin-treated and control animals 
were inconsequential, as might be expected in a group 
of animals with intervention prior to baseline study and 
coronary ligation. 

Comparison of the area of platelet trapping of more 
than 150 percent of noninfarcted myocardium with the 
area of S-T elevation greater than 2 mV shows signifi- 
cantly reduced platelet trapping in the aspirin-treated 
group in all layers of the myocardial wall. The points 
with increased platelet trapping overlapping the area 
of S-T segment elevation are fairly regularly distributed 
around the perimeter of the area of the S- T elevation 
in the control animals, and because it is just these points 
whose number is decreased in the treated animals, it 
appears that aspirin reduces platelet trapping in the 
marginal zone. 

Another way of assessing the influence of aspirin on 
platelet trapping is to compare platelet trapping in the 
marginal zone with that in the center of the myocardial 
infarct. This comparison revealed increased platelet 
trapping in the center in both treatment and control 
groups; however, these differences, although consistent 
in the same direction, are not significant statistically, 
except for those in the endocardium in aspirin-treated 
animals. Whether this influence of aspirin on platelet 
aggregation in the marginal area of myocardial ischemia 
is actually accompanied by increased myocardial blood 
flow and reduction of infarct size has not yet been de- 
termined. 
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Although infarct-avid scanning is used to diagnose myocardial infarction, 
no distinction is made between two very different mechanisms of myo- 
cardial cell death. These are occlusion necrosis and reperfusion necrosis. 
The former is the major form of cell injury after a sustained occlusion of 
a coronary artery; the latter occurs immediately after reperfusion of 
ischemic myocardium. The present study examines whether the tech- 
netium pyrophosphate scan becomes positive more rapidly with one form 
of injury rather than the other. Myocardial damage was produced in dogs 
by either sustained coronary occlusion (Group I, 6 dogs) or reperfusion 
(Group Il, 18 dogs). Infarct-avid myocardial scans obtained with tech- 
netium-99m pyrophosphate were positive in only one of six animals in 
Group | when isotope was injected 4.5 hours after sustained coronary 
occlusion. In contrast, 12 of 13 animals (Group Ila) with reperfusion ne- 
crosis had a positive scan when isotope was injected 3.5 hours after re- 
perfusion. When isotope was injected only 30 minutes after the onset of 
reperfusion (Group lib), only two of five scans were clearly positive. The 
results indicate that if the interval between myocardial injury and a positive 
scan is known, inferences can be made concerning the predominant type 
of injury. 


Although the distinction is seldom made in the clinical setting, it is clear 
from pathologic studies that inadequate coronary flow may cause two 
entirely distinct forms of myocardial necrosis.! The first, which results 
from sustained interruption of coronary flow, is characterized histo- 
logically by decreased staining of myofilaments, with prominence of their 
cross-striations as well as nuclear pyknosis and karyolysis. Cell death 
does not start until at least 1 hour after interruption of flow and proceeds 
thereafter.?^? We refer to this form of cell death as “occlusion necrosis" 
or coagulation necrosis. In contrast, if a portion of myocardium is ren- 
dered severely ischemic but coronary flow is restored at the end of 1 hour, 
cell death is much more rapid and the histologic appearance is entirely 
different. It is characterized by the occurrence of swelling, contraction 
bands and an increased cell content of calcium.*? We refer to this form 
of cell death as “reperfusion necrosis." 

There are clinical situations in which one or the other form of cell 
death may predominate. For example, perioperative infarction after 
coronary bypass surgery could be caused either by occlusion of the graft 
or native circulation or by reperfusion after completion of the graft 
construction. Bulkley and Hutchins® demonstrated that the majority 
of perioperative infarcts occurred in the territories supplied by patent 
vessels and the histologic appearance in these regions is the same as that 
seen in reperfusion necrosis. 

Restoration of myocardial flow after an ischemic period is an integral 
feature of reperfusion damage. The recognition of infarction by in- 
farct-avid isotopes depends on the accumulation of these markers within 
the damaged region, but such accumulation requires adequate flow to 
deliver the isotope to the damaged cells. With reperfusion necrosis, flow 
is present; with occlusion necrosis, particularly early after occlusion, flow 
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to the central region is virtually absent. Such a clear 
difference should produce a positive pyrophosphate 
scan very early after the production of a reperfusion 
injury, whereas with occlusion necrosis the scan should 
become positive much more slowly. Therefore, the fol- 
lowing study was designed to test the hypothesis that 
in the dog the infarct-avid scans will become positive 
earlier with reperfusion necrosis than with occlusion 
necrosis. 


Methods 


Experimental procedure: Twenty-four fasting mongrel 
dogs (18 to 25 kg), anesthetized with sodium pentobarbital, 
underwent a left thoracotomy. The adequacy of ventilation 
was monitored by serial observations of arterial partial pres- 
sures of oxygen and carbon dioxide. Blood pressure was re- 
corded continuously through a cannula inserted through the 
femoral artery. After the pericardium was opened, a large 
diagonal branch of the left anterior descending artery was 
dissected at its origin and encircled with a ligature and all 


— visible epicardial, collateral vessels to the zone to be made 


ischemic were ligated. Ten to twelve epicardial electrocar- 
diographic leads (30 gauge Teflon®-coated electrical wire) were 
then inserted over the anterolateral surface of the left ven- 
tricle. Recordings were made on an Electronics for Medicine 
recorder at paper speeds of 25 and 100 mm/s. The experi- 
mental preparation has been described in greater detail 
elsewhere.? 

Experimental protocol: The 24 animals were separated 
into two groups. In six dogs, Group I, occlusion necrosis was 
produced by permanent ligation of the previously isolated 
branch of the left anterior descending coronary artery. In 18 
dogs, Group II, reperfusion necrosis was produced by allowing 
reflow after a 1 hour occlusion of this branch. In Group I, ep- 
icardial electrocardiograms were recorded before and every 
15 minutes for the first 2 hours after coronary occlusion, and 
then every 30 minutes for an additional 2 hours. In Group II, 
tracings were obtained before occlusion and every 15 minutes 
for the next 2 hours and then every 30 minutes for the subse- 
quent 2 hours after occlusion. A Q wave was defined as an 
initial negative deflection with an amplitude greater than 1.5 ! 


.. mV and a duration of more than 20 ms. 


L 


Myocardial nuclear scans: Technetium-99m pyrophos- 
phate scans were performed 1.5 hours after intravenous in- 
jection of 15 mCi of the isotope, utilizing a Searle Phogamma 
V camera with converging low energy, high resolution colli- 
mator. Images were recorded in anterior, 45? left oblique and 
left lateral projections. Scans were graded 0 to 4+ according 
to Willerson’; only those scans graded 2+ or greater were ac- 
cepted as positive. 

All myocardial scans were read only at the completion of 
the study by an observer who did not know the timing of the 
scans (early or late) or the mechanism of infarction (occlusion 


= versus reperfusion). Intraobserver variation was tested by 


having the scans read a second time with the observer unaware 
of his previous reading. In only two cases, was there dis- 


. agreement; in one a 2+ scan was read as 1+, whereas in the 


other, the reverse occurred. Both dogs were in Group IIb. In 
both cases, the final reading was taken as 1+ (that is, a nega- 
tive result) to protect against falsely promoting the hypothesis 
because of any variation in reading. 

In the six dogs with permanent coronary occlusion (Group 
I) an initial myocardial scan was performed by injecting the 
radiotracer 4.5 hours after occlusion, and in three of these 
animals, scans were repeated at 48 hours. In the 18 dogs in 
which perfusion was restored after 1 hour (Group II), the early 
scan was made by injecting isctope at 3.5 hours after release 
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of the coronary occlusion and late scans were made at 48 or 96 
hours after a second injection. In the remaining five dogs 
(Group IIb) a single scan was performed after an injection of 
isotope made only 30 minutes after release of the coronary 
ligature. 

Myocardial biopsy: After the initial scan was completed 
(Groups I and IIa), the incisions were closed and the animals 


were allowed to recover from the anesthetic. Before the fol- 


low-up scan, the heart was again exposed, and final epicardial 
tracings were taken using the original leads. The heart was 
then arrested with potassium chloride and biopsy specimens 
were taken from representative sites. Tissues were fixed for 
3 to 6 hours in 10 percent paraformaldehyde buffered with 
S-collidine. Specimens were processed for light microscopy 
by embedding in paraffin and were then cut and stained with 
hematoxylin-eosin and phosphotungstic acid-hematoxylin. 


Results 


Permanent coronary occlusion (Group I): As 
anticipated from our previous study,? myocardial in- 
farction in the six dogs in Group I with permanent 
coronary occlusion was characterized by late onset of 
Q waves in the epicardial electrocardiogram (between 
3 and 48 hours) and by the presence of histologically 
typical coagulation necrosis in the center of the in- 
farcted area (Fig. 1). At the periphery of the infarcted 
zones the histologic features resembled those of reper- 
fusion necrosis, showing necrotic cells with contraction 
bands (Fig. 2). 

In five of the six dogs in Group I (Table I), early 
myocardial scans were negative (Fig. 3, left) (isotopes 
injected at 4.5 hours after occlusion and scan obtained 
at 6 hours). However, each of the three dogs undergoing 
scanning at 48 hours had a markedly positive scan (Fig. 
3, center). The one dog with an early positive scan died 
suddenly and adequate postmortem histologie data 
were not obtained. 

Coronary reperfusion (Group II): In 13 dogs 
(Group IIa), isotope was injected 3.5 hours after coro- 
nary perfusion had been restored and the myocardial 
scan was made at 5 hours. In 12 of these dogs, a positive 
early scan was obtained (Fig. 3, right, Table IT). In the 
one animal with a negative early scan, a second scan 
obtained at 48 hours was positive. Except in this last 
animal, the infarcts were histologically typical of re- 
perfusion necrosis with prominent contraction bands 
throughout the region of infarction (Fig. 4). In contrast, 


in the dog with a negative early scan pathologic studies 


revealed predominant coagulation necrosis with only 
a rim of reperfusion necrosis. 

In five dogs (Group IIb), we tested whether scans 
might be positive even earlier after restoration of per- 
fusion. Within 2 hours after release of the snare, Q waves 
appeared in ischemic sites, thus confirming that necrosis 
was produced by reperfusion. A single injection of iso- 
tope 30 minutes after release of the snare with a scan 
performed 90 minutes later, resulted in unequivocably 
positive scans in two dogs with doubtful or negative 
scans in the remaining three (Table I). 


Discussion 


This study was designed to test the hypothesis that 
infarct-avid myocardial scans using technetium-99m 
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FIGURE 1. Left, normal dog myocar- 
dium. Cardiac muscle cells exhibit 
cross-striation and well defined nuclei. 
Right, coagulation necrosis after sus- ^ 
tained coronary arterial ligation. 
Cross-striation in cardiac muscle cells 

is indistinct and nuclei are poorly de- 
fined. Note also margination of poly- 
morphonuclear leukocytes. (Hema- 
toxylin-eosin X680, reduced by 25 
percent.) 


pyrophosphate become positive much earlier with re- 
perfusion than with occlusion necrosis. Our results 
confirmed this hypothesis: With necrosis due to per- 
manent occlusion, scans were usually negative 6 hours 
after the onset of ischemia, whereas with reperfusion 
necrosis they were positive at this time. Our results 





FIGURE 2. Low power view of myocardial infarct after sustained cor- 
onary arterial ligation. At the periphery of the infarct (center) reperfu- 
sion-type contraction band necrosis is evident; the rest of the infarct 
(bottom) shows coagulation-type necrosis. Note normal myocardium 
at the top. (Phosphotungstic acid-hematoyxlin X250, reduced by 25 
percent.) 
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clearly indicate in the animal model used that these two 
forms of myocardial necrosis can be distinguished by the 
time at which the infarct-avid myocardial scan becomes 
positive. | | | 
Diagnostic implications: Our data are important 
for several reasons. First, they may reconcile differing 
reports as to the time at which infarct-avid scans be- 
come positive after the onset of a myocardial infarction. 


Although most clinical and experimental reports indi- | 


cate that scans do not become positive for at least 12 
hours after coronary occlusion, individual exceptions 
have been noted.?-!? It is likely that the latter—as one 
report noted!°—are examples of necrosis due to reper- 
fusion rather than to occlusion. 

Infarct-avid myocardial scanning in human beings 
has been delayed for 24 to 48 hours after a possible ep- 
isode of myocardial necrosis. Our findings indicate that 
this policy should be reassessed. Spasm-induced infarcts 
that are followed by reperfusion would be recognized 
by an early positive scan. Not only might the patho- 
genesis be more evident, but it should be possible, in a 
proportion of suspected cases of subendocardial in- 


TABLE | | 
Results of Myocardial Scanning in 24 Dogs 
| Time of Scan* 


Dom — EOG(U weak uec 
within 2 hours)  1.5h 45h 48h 96h 


Group (n) 
| 6 2/44 (4.5%) ae 1/6 3/3 zu 
lla 13 65/103(63. 196) ;- 12/19 6/7 4/4 
Ib - 5 23/51 (45.1%) 2/5 ds io. aa 


* Time at which isotope was injected after vessel occlusion; data — 
indicate proportion of animals with positive scan. 
ECG = electrocardiogram; . . . = scan not performed. 
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FIGURE 3. Left and center, Group |. Technetium-99m pyrophosphate myocardial scans recorded 6 (left) and 48 (center) hours after coronary occlusion. 
Right, Group lla. Technetium-99m pyrophosphate myocardial scan recorded 5 hours after reperfusion 


TABLE II 
Results of Myocardial Scanning in Group lla 


Time of Scan" 


Dog 4.5h 48 h 96 h 
1 4T Tu 
2 1+ 3+ 
3 aT 0+ 
12 3+ a 
13 2+ 4+ 
23 4+ 4+ 
27 4+ 4+ 
28 3+ 4+ 
29 2+ 2+ nn 
30 2+ 15 3+ 
31 2+ yi 2+ 
33 2+ Uek 3+ 
34 3+ sare 2+ 


* Time at which isotope was injected after vessel occlusion; data 
indicate grade of scan (grade of 2+ or more indicates a positive 
scan). 

. = scan not performed. 


Co" 


farction, to advance the time at which a positive diag- 
nosis can be made. 

The time at which the scan becomes positive after 
myocardial necrosis ma» also throw light on the nature 
of the infarction process. For example, in perioperative 
infarction after coronary bypass surgery, myocardial 
damage may occur due to occlusion of the graft or native 
circulation, or to reperfusion after ischemia following 
aortic cross-clamping. Our results suggest that an early 
positive scan would favor reperfusion necrosis as the 
underlying mechanism in a particular case. This dis- 
tinction would be important because necrosis due to 
occlusion would imply an error in graft construction, 
whereas necrosis due to reperfusion would imply inad- 
equacy of myocardial protection during surgery. 

Therapeutic implications: These results further 
suggest the possibility that the myocardial infarction 
associated with human atherosclerosis may consist of 
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two distinct components—occlusion coagulation ne- 
crosis occurring in a central area that is then surrounded 


by a marginal area of reperfusion necrosis. Because - 


there is good evidence that the latter form of injury is 
preventable by pharmacologic treatment,?!!-1? the 
possibility of quantifying its extent raises considerable 
therapeutic possibilities. 

The evidence for such a suggestion is at present no 
more than circumstantial. The infarct that follows 
coronary ligation in the dog does indeed consist of these 
two components.14-1?- The delayed appearance of pos- 
itive scans in human infarction may well be related to 
the return of blood flow to the predominantly epicardial 
areas, a phenomenon that is well reported in experi- 
mental infarction in the dog.!?-?? Could the zone with 
contraction bands and mitochondrial calcification at the 
periphery of such an infarct be tissue damaged by the 
reperfusion process? If this zone indeed reflects a rela- 
tively delayed reperfusion injury, then interventions to 
reduce infarct size might be helpful even if applied more 
than 2 hours after the initial result. 

Conclusions: Our results indicate that in this dog 
model occlusion necrosis and reperfusion necrosis differ 
not only in histologic appearance and electrocardio- 
graphic evolution, but also in the length of the latent 
period before the pyrophosphate myocardial scan be- 
comes positive. Although it remains to be proved 
whether these findings can be extrapolated to human 
subjects, this observation may explain differences 
previously reported and may provide a basis for probing 
the extent to which human myocardial infarction may 
be attributed to occlusion or reperfusion type of cell 
death. The exact basis for the difference now reported 
is not established by our study. A recent preliminary 
report by Parkey et al.?? does confirm the existence of 
a difference between reperfusion and occlusion infarc- 
tion in time to positive scan. Clearly, sufficient flow to 
deliver an adequate amount of isotope to the infarcted 





FIGURE 4. Group lla. Reperfusion necrosis after temporary coronary 
arterial ligation. Cardiac muscle cells exhibit marked contraction bands. 
(Hematoxylin-epsin X680, reduced by 25 percent.) 


region is the key requirement for development of a 
positive scan. But the increased tissue calcium content 
in reperfusion injury*? would be expected to bind a 
greater proportion of the delivered pyrophosphate 
isotope. That this factor might be an additional inde- 
pendent reason for our results is again supported by the 
report of Parkey et al.?? Whatever the precise expla- 
nations, our data indicate that the infarct-avid scan can 
be used not only to recognize myocardial injury but also 
to define its type. 
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easy-to-read, heart-rate monitor that 
attaches to arm, body, or exercise 
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Amerec System for prescribed programs 
of physical therapy, cardiotherapy, and 
aerobic training. Home exercise con- 
venience and protection utilizing the 
accuracy of calibrated fitness equipment 
and precision electronics. 


For more 
information 
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location of 
your nearest 
Amerec dealer, 
write Amerec, 
Box 3825, Bellevue, Washington 98009 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
naturally-occurring biochemical catecholamine precursor of norepinephrine. It is a white, odorless, 
crystalline powder, freely soluble in water and soluble in alcohol; sensitive to light, alkalis, 
iron salts and oxidizing agents. 5 m/ ampul and 5 ml additive syringe (Rap-Add ): Each ml of 
sterile, non-pyrogenic INTROPIN contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg 
of dopamine base) in Water for Injection, USP. containing 1% sodium bisulfite as a preservative. 


INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal failure, 
and chronic cardiac decompensation as in congestive failure. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the bette: diagnostic signs 
by which adequacy of vital organ perfusion can be monitored. The physician should also 
observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor. 
increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
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Low Cardiac Output — increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased cardiac output at low or moderate doses has been 
associated with either static or decreased systemic vascular resistance (SVR) and appears 
to be related to a favorable prognosis. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR as may occur with isopraterenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administra- 
tion of low to moderate doses of INTROPIN, which have little effect on SVR. At high 
therapeutic doses. the drug's alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
soon as a definite trenc towarc decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachy- 
arrhythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase MAO) inhibitors prior to the administration of INTROPIN will require 
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Usage in Children — The safety and efficacy of INTROPIN for pediatric use has not been 
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PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypevolemia should 
be fully corrected, if possible, with either whole blood or plasma as indicated. 


Decreased Pulse Pressure — |f a disproportionate rise in the diastolic pressure (i.e. a marked 
decrease in the pulse pressure) rs observed in patients receiving INTROPIN, tne infusion rate 
should be decreased anc the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent 
the possibility of extravasation into tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preferred to veins in the dorsum of the hand or ankle. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for 
example, atherosclerosis arterial embolism, Raynaud's disease, cold injury, diabetic 
endarteritis, and Buerger s disease) should be closely monitored for any changes in color 
er temperature of the skin in the extremities. 





IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 ml 
of saline solution containing from 5 to 10 mg of Regitine* (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needle should be 


used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area :s infiltrated within 12 hours. Therefore, phentolamine should 
be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
arrhythmogenic potential of these agents and the known increase in cardiac autonomic 
irritability which may sensitize the myocardium, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 


Careful Monitoring Required — As in the case of any adrenergic agent infusion of 
INTROPIN should be accompanied by close monitoring of urine flow, cardiac output and 
blood pressure. 


ADVERSE REACTIONS: The mos! frequent include ectopic beats, nausea, vomiting, tachy- 
cardia, anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Others reported infrequently are aberrant conduction. bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


WARNING: This is a potent drug —must be diluted before administration to patient. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since tne drug's duration of action is quite short, no additional remedial 
measures are usually necessary. I! these measures fail to stabilize the patient's condition, 
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associated with hypotension or shock 


INTROPIN 


(dopamine HCI) 


provides a third dimension of therapy 


For hospitalized patients 
refractory to digitalis and diuretics 


Prompt use of INTROPIN* (dopamine HCI) is 
a logical addition to standard regimens 


©1980 American Critical Care 


Works to decrease accumulated fluids by: 
e direct, indirect and “dopaminergic” effects on the 
kidney to decrease renal vascular resistance 
e positive inotropic effect to increase cardiac output 
e results in an increased renal blood flow, 
urine output, and sodium excretion 
Enhances myocardial performance 
Provides specific clinical effects through precise 
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One disposable dome stands out from every other in sight. Why? Probably 
because Bell & Howell's DISPOSADOME® excells in so many ways. 

Some say they like the convenience... “It's so fast and easy!" (They refer to 
the individual snap-open sterile package and quick instcllation — you don't have 
to use a fluid between the membrane and the transducer diaphragm — and of 
course the disposable feature.) 

Some quote the economy factor. (Yes, considering the time and labor costs for 
cleaning and sterilizing other types — plus the possibility of transducer damage 
— that's certainly true.) 

Others agree to these advantages, but additionally cite the ready availability 
of either Linden or Luer fittings. (And, we might add, you can switch transducers 
or domes without disturbing the fluid path.) 

Whatever your reasons for helping to make DISPOSADOME famous, you al 
so have the assurance of the Bell & Howell name and experience. And that's real- 
ly the best reason of all. 


(DISPOSADOME is designed exclusively for use with Bell & Howell physiological pressure transducers.) 


360 Sierra Madre Villa, Pasadena, California 91109 (213) 796-9381 


© Bell & Howell 1980 
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tan Qil-a proven ingredient 


of cholesterol management 


While the etiology of atherosclerosis 
and coronary heart disease involves 
many factors..."Cholesterol seems to 
be the thread running through the web 
of circumstances culminating in a clini- 
cal atherosclerotic event.” 

A diet that includes Puritan Oil has 
been clinically proven effective in re- 
ducing serum cholesterol. 


Puritan Oil-superior in 
polyunsaturates to corn oil 


Puritan Oil is made principally from 
highly polyunsaturated sunflower oil. 
Puritan provides polyunsaturate levels 
superior to those of corn oil, the pre- 





Puritan 


100% PURE VEGETABLE OIL 








vious standard in a cholesterol-man- 
agement diet. 

Unsurpassed culinary appeal helps en- 
courage patient compliance 

Light taste and unsurpassed culinary 
performance encourage patient com- 
pliance in successful long-term dietary 
management. 


Bibliography: Diet and coronary heart disease. 
Joint policy statement of the AMA Council on Foods 
and Nutrition and the Food and Nutrition Board of 
the National Academy of Sciences-National Re- 
search Council, J.A.M.A. 222:1647, 1972. Kannel, 
W.B.: The role of cholesterol in coronary athero- 
genesis, Med. Clin. North Am. 58:363-379, 1974. 
Keys, A. et al: Serum cholesterol response to 
changes in the diet, Metabolism 14:747, 1965. 
Witschi, J.C. et al: Family cooperation and effec- 
tiveness in a cholesterol-lowering diet, J. Am. Diet. 
Assoc. 72:384-389, 1978. 








BKEAK IHROUGHS FOR CAKVDIOULUGY 


The stethoscope was the first... 


- paper to amplify and convey to his e: 
' the sounds generated by the motion « 

'. the organs in the chest. The wooden 

` . instrument was a refinement. Three 

-- years later he published On Mediate 

= — .Ausculation, an objective analysis of 

T9 ce PENEI es SER ^ .. aural signs detected in physical 
ule TN et KO Sg NOE DB NS L1 . examination with the stethoscope. 

RNET Eh ERITI e CSI ENN F —. A Although first developed for study of 
Stethoscope reprint suitable for framing 1s MM NW heart sounds, the stethoscope is now 
'available from vour Telemed representative. E. F  — an almost universal tool of medicine. 
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ECG SERIAL COMPARISON SYSTEM 


Traces and comparison report speak for themselves 
A new report with each trace 





ij 








F AI ur ete Pe Ny ons 


bt T ' ' 
! 









Trace A is the eighth trace for this patient which has 
continued to demonstrate Q-waves in II, III, avF with a 
stable ST/T abnormality. The infarct was judged "not 
recent: 
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Trace B, recorded 2 days later, demonstrates acute 
changes leading to the conclusion of existing infarction 
with recent acute changes (see comparison report). 


The TELEMED Computer-Assisted ECG Program has been 
shown to have a higher Figure of Merit (sensitivity, 
specificity) when compared to other computer programs 
in identifying myocardial infarction in a clinically 
evaluated patient population. In the same study, the 
peo of Merit of cardiologists was significantly improved 
when their readings were complemented by a computer? 


'Reiser SA: The Medical Influence of the Stethoscope. 
Scientific American 240 : 148-156, 1979. 

2Wolf HK, Harris LK, Kanon DJ, and Prineas RJ: Identification of 
Myocardial Infarction by ECG, Interpreted by Computer and 
Cardiologist. Unpublished data, Feb. 1980. 
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e For fast, effective, clinically relevant ECG 
analyses 

e Makes use of logic and language familiar 
to you 

e Recognizes abnormalities and changes in 
the complete series of ECG’s for the patient 

e Draws conclusions only after: 

—All abnormal shapes have been recognize 
and their interrelationships to prior ECG's 
are considered 

— The dynamics and time frame of changes 
are observed 


To find out more about TELEMED's ECG Serial 
Comparison System, ES-COMP 1, call: 800-323-4754 
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Cardio-Pulmonary Systems 
2345 Pembroke Avenue 
Hoffman Estates, Illinois 60195 
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MINIPRESS Effecti 
prazosin HU by Reduc 


Artist's representation of the lumen of an arteriole, 
dilation of which results in reduced peripheral resistance 
and blood pressure. 





ontrols Hypertensio 
'eripheral Resistance 


» MINIPRESS Reduces Mean Arterial 
Pressure 
= MINIPRESS Reduces Total Peripheral 
Resistance 
» MINIPRESS Does Not Reduce 
Cardiac Index 

and Maintains These Effects Over 
the Long Term 


Mean Arterial Total Peripheral 
Pressure | Resistance Index 


Percent change 
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2 mg, 5 mg 
* Effectively lowers elevated blood pressure 
by reducing peripheral resistance. 
» Maintains cardiac output which allows 
patients to maintain an active life style. 
* Maintains renal blood flow and glomerular 


filtration rate so it can be used effectively 
even in patients with renal impairment. 








B.I.D. Dosage Titration... 

the Key to Effective 
Controlof < 
Hypertension 


P Titrateto 
j ) -10 mgb.i.d* 
= Not a CNS agent so patients experience PH ic | 
few of the troublesome CNS side effects 


i l ; : i Titrate to 
that impair their quality of life. 


5 mgb.i.d* 


Cardiovascular response to exercise is 
preserved so patients are less likely to 
experience the fatigue often associated 
with beta-blocker therapy. 


Titrateto 
2 mg b.i.d.* |: The usual 


"5 maximum daily 
p dosage is 20 mg in 
divided doses, although 

a few patients may benefit 


from increases up to 40 mg 
*Or tid. daily in divided doses. 


2 mg 


= A small percentage of patients have 
E" B P : capsule 


experienced orthostatic hypotension 


Start with 
1mgb.i.d.* 





and syncope. 


BRIEF SUMMARY 
MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 


INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treatment 
of hypertension. As an antihypertensive drug, it is mild to moderate in activity. It can be 
used as the initial agent or it may be employed in a general treatment program in 
conjunction with a diuretic and/or other antihypertensive drugs as needed for proper 
patient response. 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with sudden 
loss of consciousness. In most cases this is believed to be due to an excessive postural 
hypotensive effect, although occasionally the syncopal episode has been preceded by a 
bout of severe tachycardia with heart rates of 120-160 beats per minute. Syncopal 
episodes have usually occurred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid dosage increases or the 
introduction of another antihypertensive drug into the regimen of a patient taking high 
doses of MINIPRESS (prazosin hydrochloride). The incidence of syncopal episodes is 
approximately 1% in patients given an initial dose of 2 mg or greater. Clinical trials 
conducted during the investigational phase of this drug suggest that syncopal episodes 
can be minimized by limiting the initial dose of the drug to 1 mg, by subsequently 
increasing the dosage slowly, and by introducing any additional antihypertensive drugs 
into the patient’s regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and treated 
supportively as necessary. This adverse effect is self-limiting and in most cases does not 
recur after the initial period of therapy or during subsequent dose titration. 

Patients should always be started on the | mg capsules of MINIPRESS (prazosin 
hydrochloride). The 2 and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated with 
lowering of the blood pressure, namely, dizziness and lightheadedness. The patient 
should be cautioned about these possible adverse effects and advised what measures to 
take should they develop. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS (prazosin 
hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal testing, 
the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not been 
established. MINIPRESS (prazosin hydrochloride) is not recommended in pregnant 
women unless the potential benefit outweighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use of MINIPRESS 
(prazosin hydrochloride) in children 
ADVERSE REACTIONS: The most common reactions associated with MINIPRESS 
(prazosin hydrochloride) therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.6%, 
lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tolerated 
with no decrease in dose of drug. 


Initiate therapy 


1 mg 
with evening dose. capsule 





Thefollowing reactions have been associated with MINIPRESS (prazosin hydrochlo- 
ride), some of them rarely. (In some instances exact causal relationships have not been 
established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/or 
pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of 
cataract development or disappearance have been reported. In these instances, the exact 
causal relationship has not been established because the baseline observations were 
frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate baseline 
examinations, no drug-related abnormal ophthalmological findings have been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 

Initial Dose: | mg twoor three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg 
given in divided doses. The therapeutic dosages most commonly employed have ranged 
from 6 mg to 15 mg daily given in divided doses. Doses higher than 20 mg usually do not 
increase efficacy, however a few patients may benefit from further increases up to a daily 
dose of 40 mg given in divided doses. After initial titration some patients can be 
maintained adequately on a twice daily dosage regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or 2 mg three 
times a day and retitration then carried out 
HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg (white 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and unit dose 
instirutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in 
bottles of 250, 500 and unit dose institutional packages of 100 (10 x 10's). 

More detailed information available en request 

Reference: 

1. Lund-Johansen P: Hemodynamic changes at rest and during exercise in 
long-term prazosin therapy for essential hypertension, in Prazosin Clinical 

Symposium Proceedings, published as a special report by Postgrad Med. New 
York, McGraw-Hill Book & Education Services Group, 1975, pp 45-52. 
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The thermodilution method for estimating cardiac output was compared 
with the electromagnetic flowmeter technique in 10 mongrel dogs at 
normothermia and during surface-induced deep hypothermia. Thermo- 
dilution curves obtained during cooling or rewarming must be corrected 
for the baseline drift caused by changing core temperature. At normo- 
thermia, the correlation coefficient between the two methods was 0.96 
and the reproducibility of the thermodilution technique was 5 percent. 
Comparable correlation was present during hypothermia. Curves cor- 
rected for baseline drift resulted in significantly different output values 
from those derived from uncorrected curves (p « 0.05). The thermodilution 
method is valid at low body temperatures. Clinical confirmation of these 
results, particularly during open heart surgery in infants, is warranted. 


'The thermodilution technique for determination of cardiac output, 
originally introduced by Fegler,! has gained widespread clinical appli- 
cation since the development of solid state cardiac output computers. 
Advantages of the method include technical simplicity, safety of the 
indicator and close agreement with more traditional output measure- 
ments (Fick, dye-dilution, electromagnetic flowmeter). Monitoring 
cardiac output by thermodilution during surface-induced deep hypo- 
thermia in infants undergoing open heart surgery has important appli- 
cations; however, the accuracy and reproducibility of the technique at 
less than normal body temperatures has not been reported during life. 
The purpose of this study was to assess the accuracy and reproducibility 
of the thermodilution estimate of cardiac output during surface-induced 
deep hypothermia with use of the electromagnetic flowmeter as the 
standard. 


Methods 


Experimental procedure: The experiments were performed in 10 adult 
mongrel dogs ranging in weight from 16.6 to 24.9 kg (average 19.6). Two days 
before the experiment a square wave electromagnetic flow probe (Zepeda In- 
struments) was placed on the ascending aorta by way of a left thoracotomy. In 
five dogs, normothermic cardiac output was studied over a wide range of values 
by manipulation of anesthetic levels and by intravenous infusion of isoproterenol. 
The remaining five animals were studied during the surface-induced deep hy- 
pothermia protocol described elsewhere.?? All animals were anesthetized with 
thiamylal sodium (18 ml/kg body weight), intubated and ventilated on a vol- 
ume-constant respirator (20 ml/kg; 20 breaths/min). Anesthesia was maintained 
with halothane in the normothermic studies and with the halothane-diethyl ether 
azeotrope in a mixture of 95 percent oxygen and 5 percent carbon dioxide in the 
hypothermic studies.* A Swan-Ganz flow-directed catheter with the injection 
port 15 cm from the tip (Edwards Laboratories model 93-113-7F) was advanced 
into the pulmonary artery through a femoral vein. 

Cardiac output measurements: Thermodilution curves were recorded on 
a strip chart recorder (Hewlett-Packard model 7101-BM) after rapid injections 
(less than 2 seconds) of 5 percent dextrose in water at the start of inspiration; 
the injectate volume and temperature were 5 ml and 0? C, respectively. Mea- 
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FIGURE 1. Typical thermodilution curve Ming core body pening. Long 
solid curve = original curve; dashed curve = slope-corrected curve; 

short solid curve = exponential fit to downslope of corrected curve; 
dashed diagonal line = baseline slope correction. 


surements were performed in triplicate at a given level of 
output (normothermic series) or at 5° C intervals (hypo- 
thermic series) with a 45 second interval between injections. 
Cardiac output was defined as the average of three measure- 


ments and was calculated using a modified Stewart-Hamilton | 


equation as described by Ganz et al. 5; 
3 S; X C; X CF x 60 x Vj x (Ty - T) 
CO,4 = YN O 


Spx Cy f^ A T(t) dt 


where: Ty, Ti, Sy, Si, Ch, Ci = = temperature (T), specific gravity 
(S) and specific heat (C) of blood (b) and indicator (i); (S; X 

Cji/(Sy X Cy) = 1.08 when 5 percent dextrose in water is used 
as the indicator; V; = volume of injectate (ml); dt = the time 
integral of the temperature concentration and CF - the cor- 
rection factor for catheter dead space and residual indicator 
(supplied by Edwards Laboratories). 
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FIGURE 2. Comparison of 62 sets of simultaneous thermodilution - 
(ordinate) and flowmeter (abscissa) cardiac output determinations at 
normothermia. Solid line = line of regression; dashed line = line of 
identity; S.E.E. = standard error of the estimate. 
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Thermodilution curves were traced on an XY digitizer in- 
terfaced with a Digital PDP 1145 computer, which then cal- 
culated the curve area by simple integration to 30 percent of 
peak, on the downslope, followed by exponential extrapolation 
between 30 and 10 percent of peak. The extrapolation was 
carried to 0, assuming the baselines before and after curve 
inscription to be equal. Because the thermodilution thermistor 
responds to changes in core body temperature, a constant 
baseline drift is observed during the cooling and rewarming 
phases of deep hypothermia. When cooled, the thermistor 
resistance increases resulting in a positive chart deflection. 
Any thermodilution curve inscribed during this positive 
baseline drift would be expected to give falsely large areas 
(small values for cardiac output) because the computer ex- 
trapolates to the original baseline. Conversely, negative 
baseline drift produced by warming of the thermistor would 


be expected to give a falsely large cardiac output. Therefore, 


before and after each set of curves during hypothermia the 
rate of baseline drift was recorded. The computer was then 


programmed to correct for this error by recalculating the 


curve height and area from the projected baseline drift 
(Fig. 1). 

At the end of each experiment, the dog was killed and the 
electromagnetic flowmeter was calibrated on the same seg- 
ment of aorta using the animal's blood. A gravity reservoir 
system was used with timed volumetric collections at a per- 


fusion pressure of 100 mm Hg. 
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. Thermodilution versus electromagnetic flow- 


-—- cardiac output: The results of 62 sets of si- 
mmultaneous normothermic thermodilution and elec- 


tromagnetic flowmeter cardiac output determinations 
are shown in Figure 2. The correlation coefficient be- 


tween the two methods was 0.96 and the standard error 


a 
' 


of the estimate was 0.44 liter/min or approximately 12 
percent of the mean cardiac output. 

The reproducibility of the method was assessed by 
two successive determinations of cardiac output at 45 


second intervals. The analysis of 102 pairs gave a dif- 
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FIGURE 3. Comparison of 40 sets of simultaneous thermodilution 
(ordinate) and flowmeter (abscissa) cardiac output determinations, 


during nypomonia. Symbols and abbreviations as in Figure 1 
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ference of 0.18 + 0.19 liter/min (mean + standard error) 
or approximately 5 percent of the mean cardiac 
output. 

The results of 40 sets of simultaneous electromag- 
netic flowmeter and thermodilution cardiac output 








TABLE | 


Mean Flowmeter and Thermodilution (drift-corrected) 
Cardiac Output Values During Hypothermia* 
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determinations (the latter corrected for baseline drift) boli cig Aiii [ota å pie P 

during hypothermia are presented in Figure 3. The A k 

correlation coefficient between the two methods was doe be 2. $ vr coe is dee bre [ 

0.96 and the standard error of the estimate was 0.27 25? cool 1.33 + 0.07 1.64 + 0.10 23.31 4 

liter/min or approximately 14 percent of the mean 20° cool 0.52 + 0.01 0.71 + 0.06 36.54 
cardiac output con "iN Ce i 
y : rewarm : 0 ; 8.33 
Normothermia versus hypothermia determina- 30? rewarm 2.30 + 0.08 2.37 + 0.09 3.04 
35° rewarm 2.84 + 0.08 3.13 + 0.09 10.21 


tions: The regression equations, relating thermodilution 
and electromagnetic flowmeter cardiac output values, 
during normothermia and hypothermia were not sig- 
nificantly different (p >0.05) both in terms of slope and 
y intercept. Table I presents mean flowmeter and 
thermodilution (drift-corrected) values for cardiac 
output during the cooling and rewarming phases of deep 
hypothermia and the percent difference between the 
two methods. During the terminal cooling period (25° 
to 20° C) the percent difference between thermodilution 
and flowmeter output values was well outside the 
standard error of the estimate for the two methods. 
Table II presents mean baseline drift (°C/s X 1073), 
mean absolute correction (ml/min) and the percent 
difference between uncorrected and drift-corrected 
thermodilution output values during deep hypothermia. 
The baseline drift and absolute correction were greatest 
during the initial cooling (35° to 30° C) and initial 
rewarming (20? to 25? C) periods; however, the percent 
difference between uncorrected and drift-corrected 
thermodilution output values was greatest during ter- 
minal cooling (25? to 20? C) and initial rewarming (20° 
to 25? C). The difference between uncorrected and 
drift-corrected thermodilution cardiac output was sig- 
nificant (p <0.05) at all temperatures. During the ter- 
minal cooling and initial rewarming phases, thermodi- 
lution curves were prolonged to approximately 30 to 40 
seconds in duration and had irregular downslopes, both 
making computer processing difficult. 


Discussion 


This study confirms previous reports that close 
agreement exists between thermodilution and electro- 
magnetic flowmeter cardiac output determinations in 


* Values expressed as mean values + 1 standard error of mean; ! 96 
difference — (flowmeter — thermodilution)/flowmeter X 100. 


the normothermic dog and that the thermodilution 
method is reproducible to within 5 percent.5-? Excellent 
correlation between the thermodilution and electro- 
magnetic flowmeter techniques was also seen during 
hypothermia, the correlation coefficient and slope of the 
regression line being similar to those derived in the 
normothermic series. 

Reliability of thermodilution method during 
cooling period: At 25? C and below during cooling 
only, the thermodilution method indicated significantly 
higher cardiac output values than those obtained with 
the electromagnetic flowmeter. 'T'here may be several 
explanations for this discrepancy. First, the ratio of 
coronary blood flow to cardiac output may increase 
during hypothermia. Because the electromagnetic 
flowmeter does not measure coronary flow, it may thus 
falsely underestimate cardiac output. Although our 
experiment did not attempt to measure coronary flow, 
Mangiardi et al.? observed an absolute increase in cor- 
onary blood flow during hypothermia, although their 
finding was not confirmed by others.!? Second, at very 
low temperatures, extremely low values of heart rate 
and cardiac output were encountered, causing the 
thermodilution curves to become prolonged and irreg- 
ular. Third, with progressive hypothermia there is a 
decrease in the “signal-to-noise” ratio that may exag- 
gerate the effect of the small sinusoidal variations in 
pulmonary arterial temperature seen with mechanical 
ventilation.!! As a result, potential errors in computing 


TABLE Il 

Mean Drift, Mean-Absolute Correction and Percent Difference of Corrected Versus Noncorrected Thermodilution Cardiac R 
Output Values 3 
| 
Temperature Mean Drift Mean Correction % Difference | 
(*C) (°C/s X 1073) (ml/min) (mean) p b 

35? cool 7.25 + 0.32 266 + 39 10.11 0.002 

30° cool 7.38 + 0.81 258 + 48 10.61 0.006 
25° cool 4.42 + 0.55 170 + 45 11.57 0.019 
20? cool 3.94 + 0.91 126 + 29 20.34 0.013 4 
20° rewarm 7.53 + 1.53 311+ 99 24.41 0.035 | 
25? rewarm 6.13 + 0.57 300 + 70 16.13 0.013 | 
30? rewarm 6.06 + 0.84 270 + 52 11.39 0.007 a 
35° rewarm 3.27 + 0.59 144 + 25 4.57 0.004 1 
p — absolute probability value for difference between corrected and noncorrected thermodilution output value. . | 
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curve area and cardiac output may have been intro- 
duced. These effects might be magnified when applied 
to infants, who have larger relative tidal volumes and 
respiratory pressures and who may require hyperven- 
tilation. 

Role of baseline drift: Baseline drift rate, directly 
proportional to the rate of cooling and rewarming, was 
as high as 0.007 °C/s and resulted in a significant (p 
<0.05) difference between drift-corrected and noncor- 
rected thermodilution cardiac output values. The per- 
cent difference, if no correction was made, approached 
22 to 28 percent at body temperatures of 20? C. How- 
ever, the rate of cooling and rewarming did not affect 
the percent difference between thermodilution and 
electromagnetic flowmeter cardiac output values. 





Implications: The thermodilution method appears 
to be a valid method for use during hypothermia, al- 
though there are some reservations about its reliability 
at very low body temperatures. Pending clinieal con- 
firmation of our results and with relatively simple 
modifications of existing cardiac output computers, the 
thermodilution method would be available for hemo- 
dynamic monitoring in hypothermic patients, partic- 
ularly infants during open heart surgery. 
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Gated radionuclide angiography is a new noninvasive technique that can 
be used to calculate the ratio of left and right ventricular stroke volumes. 
This stroke volume ratio, which must be unity in normal subjects, increases 
in patients with aortic or mitral regurgitation in direct proportion to the 
degree of left ventricular volume overload, provided no shunts or regur- 
gitant right heart lesions are present. In 22 patients with aortic or mitral 


regurgitation there was excellent correlation between the stroke volume 


ratio determined with gated radionuclide angiography and with standard 
quantitative catheterization methods (r — 0.79). Measurement of valve 
regurgitation with this radionuclide method also correlated well with data 
obtained from semiquantitative aortic root or left ventricular cineangi- 
ography (r — 0.72). Twenty-one of the 22 patients with valve regurgitation 


had an abnormally elevated stroke volume ratio, thereby suggesting that 


gated radionuclide angiography may be useful in detecting or excluding 


hemodynamically significant valve regurgitation. 


Semiquantitative aortic root or left ventricular contrast cineangiography 
is the most common method of evaluating valve regurgitation.!-? Com- 
bined quantitative ventriculography and cardiac output determinations 
allow more accurate quantitation of such regurgitation, but this tech- 
nique is more complex and the results are less reproducible.* Previously 
available noninvasive methods have been inadequate for accurate 
quantitation of valve regurgitation. Although M mode echocardiography 
is invaluable for demonstrating structural valve abnormalities, it allows 


only indirect inferences as to the severity of regurgitant lesions.” How- 


ever, pulsed Doppler echocardiography has recently been shown to be 
useful for localizing regurgitant lesions and for quantitating mitral 
regurgitation.9" 

Recent studies?? using methods similar to ours have suggested that 
gated radionuclide angiography is a superior noninvasive technique for 
quantitating valve regurgitation. In this study we compare results of 
gated radionuclide angiography with those of both quantitative and 
semiquantitative cardiac catheterization methods in evaluating valvular 
heart disease in 40 patients. sul N 


Methods 


Patients: Between November 1978 and June 1979, forty patients underwent 
gated radionuclide angiography within 48 hours of diagnostic right and left heart 
catheterization. Eighteen patients (14 male and 4 female) who were being 
evaluated for coronary artery disease had no angiographic or clinical evidence 
of valve regurgitation or shunts and served as a control group. Twenty-two pa- 
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tients had typical clinical findings of aortic (n = 3), mitral (n 
= 10) or combined (n = 9) valve regurgitation that were con- 
firmed at cardiac catheterization; none had clinical or cathe- 
terization evidence of tricuspid regurgitation (Table I). 
Cardiac catheterization and angiography: All patients 


underwent right and left heart catheterization in a fasting, - 


mildly sedated state. Cardiac output and effective forward 
stroke volume were determined from multiple indicator- 
dilution curves and simultaneously recorded heart rate. 
Quantitative single plane left ventricular cineangiograms were 
performed in the right anterior oblique projection and ana- 
lyzed for ventricular volumes and ejection fraction in a stan- 
dard manner.!? Aortic root cineangiography was performed 
in all patients with rheumatic valve disease and in other pa- 
tients with clinical evidence of aortic regurgitation. 

. In the absence of right heart regurgitant valve lesions and 
shunts, it can be assumed that the right ventricular stroke 
volume (RVSV) is equal to the effective forward stroke volume 
(SV) determined from the cardiac output. Because the total 
left ventricular stroke volume (LVSV) was independently 
measured from quantitative cineangiographic data, the ratio 
of left to right ventricular stroke volumes, or stroke volume 
ratio (SVR), could be calculated as follows: 


LVSV _ LVSV (angiographic) 
RVSV - Forward SV (cardiac output) 


The stroke volume ratio directly quantitates total left ven- 
tricular volume overload whether one or both left heart valves 
are regurgitant. The regurgitant fraction (RF) of the left 
ventricular stroke volume has also been used as a quantitative 
index of valve regurgitation and was calculated from the same 
data as follows:* 
RF- LVSV — RVSV Y SVR-1 
LVSV SVR 

Aortic root and left ventricular cineangiograms were 
graded for the severity of aortic or mitral regurgitation by two 
independent observers who did not know the patients' iden- 


SVR = 


TABLE | 
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tity. Each valve lesion was graded from 1+ to 4+ according 
to commonly used scales; the sum for both left heart vaives 
was designated as the angiographic score.!!!? Grading dis- 
agreements between observers were resolved by simultaneous 
review of the films in question. 

Radionuclide angiegraphy: All patients underwent gated 
radionuclide angiography after in vivo red cell labeling with 
technetium-99m pyrophosphate.!? Cardiac imaging was 
performed with a gamma camera (Elscint LF) and a 30? 
caudal slant hold collimator of intermediate sensitivity (En- 
gineering Dynamics Corporation) in the left anterior oblique 
view that provided optimal ventricular separation. Gated 
images were collected with a computer (Digital Equipment 
Corporation, PDP 11/40) and an electrocardiographic syn- 
chronizer (Brattle Instruments) in a 64 by 64 matrix at a rate 
of at least 15 frames/s to a total of 1 million counts/frame; the 
total acquisition time was usually about 10 minutes. 

All radionuclide studies were analyzed by an operator who 
was unaware of the catheterization results. End-diastolic and 
end-systolic frames were determined from the time-activity 
curve of an approximated left ventricular region of interest 
and were used to generate two functional images by computer 
frame arithmetic. Subtraction of the end-diastolic from the 
end-systolic frame produced a ventricular stroke volume 
image in which each pixel displays counts proportional to 
ventricular volume change. Because maximal atrial volume 
occurs at ventricular end-systole and minimal atrial volume 
at ventricular end-diastole, “reverse” subtraction of the 
end-systolic from the end-diastolic frame produced an atrial 
volume change image análogous to the ventricular stroke 
volume image.!* Computer superimposition of these two im- 
ages results in a composite functional image with excellent 
delineation of atrioventricular borders and the ventricular 
regions, especially the right ventricular conus (Fig. 1). Al- 
though the composite functional image is generated from the 
end-diastolic and end-systolic frames of the left ventricular 
time-activity curve and is strictly accurate only for the left 
ventricular stroke volume, it provides an excellent approxi- 


Angiographic, Radionuclide and Catheterization Data in 22 Patients With Valve Regurgitation 


Angiography Gated Radionuclide Angiography Cardiac Catheterization 
Case Lesion Grade Score SVR RF SVR RF 
oceEemeen cse sc emo epis a a ee IN ie t 
1 1+ MR 1 1.35 0.29 1.11 0.09 
2 1+ MR 1 1.60 0.38 0.88 0.00 
3 1+ MR 1 1.13 0.12 1.40 0.29 
4 1+ MR 1 1.27 0.21 1.38 0.28 
5 2+ MR 2 1.44 0.31 1.57 0.36 
6 2+ MR 2 1.31 0.24 1.21 0.17 
7 2-- MR 2 1.43 0.30 1.10 0.09 
8 2+ MR 2 1.25 0.20 1.31 0.24 
9 3+ MR 3 1.33 0.25 1.52 0.33 
10 4+ MR 4 2.83 0.64 2.73 0.63 
11 3+ AR 3 1.38 0.28 1.55 0.33 
12 3+ AR 3 1.96 0.49 1.37 0.27 
13 3+ AR 3 1.23 0.18 1.30 0.23 
14 1+ MR, 2+ AR 3 1.47 0.32 1.44 0.31 
15 2+ MR, 1+ AR 3 2.08 0.52 1.93 0.47 
16 1+ MR, 3+ AR 4 2.89 0.66 2.43 0.58 
17 1+ MR, 3+ AR 4 3.15 0.68 3.99 0.75 
18 2+ MR, 2+ AR 4 1.93 0.48 1:3 0.10 
19 1+ MR, 4+ AR 5 2.03 0.51 1.89 0.47 
20 2+ MR, 3+ AR 5 1.73 0.42 2.21 0.55 
21 2+ MR, 3+ AR 5 3.49 0.71 2.32 0.57 
22 3+ MR, 3+ AR 6 2.25 0.56 2.27 0.56 
St EE 9 o 


AR = aortic regurgitation; MR = mitral regurgitation; RF = regurgitant fraction; SVR = stroke volume ratio. 
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mation of the location of volume changes within the other 
three cardiac chambers. With the composite functional image 
as a guide, the operator then redefined both ventricular re- 
gions of interest, displayed their separate time activity curves 
and identified the end-diastolic (ED) and end-systolic (ES) 
frames for each ventricle. If one assumes the ventricles to be 
equidistant from the camera in the left anterior oblique view 
and assumes a temporally constant background, the left to 
right ventricular stroke volume ratio (SVR) and left ventric- 
ular (LV) regurgitant fractions (RF) could be directly calcu- 
lated as follows: 


LV (ED — ES) counts 


SMEUR RV (ED - ES) counts 
SVR-1 
Fan 
5 SVR 


Although not strictly correct, such assumptions have proved 
reasonable in the clinical application of this method. In a prior 
series of normal subjects we found the mean (+ standard de- 
viation [SD]) value for stroke volume ratio measured in the 
same way to be 1.06 + 0.05, a value close to that of unity, which 
normal physiology demands.!*:!^ 
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Results 


Control subjects: In the 18 control subjects without 
shunts or valve regurgitation, the mean stroke volume 
ratio was 1.00 + 0.08 (mean + SD) as calculated from 
cardiac catheterization data and 1.08 + 0.06 on the basis 
of gated radionuclide angiographic data. These values 
agreed closely with our previously reported results!4 in 
33 noncatheterized patients without clinical evidence 
of valve regurgitation or shunts whose average stroke 
volume ratio was 1.06 + 0.05 as assessed with gated ra- 
dionuclide angiography. These data demonstrate that 
the stroke volume ratio measured in normal subjects 
with the gated radionuclide angiographic method 
closely approximates unity and that the normal range 
(mean + 2 SD) for this measurement is quite narrow: 
0.96 to 1.20. 

Quantitation of regurgitant valve disease: Figure 
2 shows a significant linear correlation (r = 0.79) be- 
tween the stroke volume ratio determined with gated 


FIGURE 1. Video display of end-diastolic frame (EDF, top) 
without (A) and with (B) ventricular and atrial regions of in- 
terest, and composite functional image (CFI, bottom) without 
(C) and with (D) similar regions of interest. 
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SVR (CATH) 


Y= 0.87X + 0.10 
r*:0.87 — 


ED. 28-2750 
SVR (GRA) 


radionuclide angiography and with cardiac catheter- 
ization in the 22 patients with valve regurgitation. Of 
the 22 patients with documented regurgitation only 1 
(Case 3) had a normal value for stroke volume ratio 


(1.13) by gated radionuclide angiography, whereas 4- 


(Cases 1, 2, 7 and 18) had a normal value by catheter- 
ization. Therefore, gated radionuclide angiography 


appeared to be slightly more sensitive than quantitative _ 


volumetric methods (95 versus 82 percent) in detecting 
an abnormal stroke volume ratio caused by valve 
regurgitation. i | 


Y = 0.09X + 0.13 
r= 072 
p«.OOl 

SEE =0.13 


RF (GRA) 


E 2* 3+ 4+ 
ANGIOGRAPHIC SCORE 


Ao 
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... FIGURE 2. Relation between stroke volume ratios (SVR) calculated from 
. gated radionuclide angiography (GRA) and cardiac catheterization 
. (CATH) data. Normal subjects are represented by circles, patients with 
= valve regurgitation by triangles. Dashed lines indicate upper range of 
£ normal values. Correlation data calculated only for patients with valve 
. regurgitation. | 


Comparison with semiquantitative angiography: 


. Quantitative measurements of valve regurgitation ob- 


tained with both gated radionuclide angiography and 


: cardiac catheterization were also compared with the 
. results of semiquantitative aortic root and left ven- 


tricular contrast cineangiography. Because the 
cineangiographic grading systems depend primarily on 
the volume of the regurgitant jet of contrast material for 
interpretation, it seemed more appropriate to use the 
regurgitant fraction of the left ventricular stroke volume 


. rather than the stroke volume ratio as the quantitative 


Y= 0.10X +0.05 
r= 0.71 

p<.00l 

SEE =0.14 


RF (CATH). 


4+ 5+ 6+ 
ANGIOGRAPHIC SCORE 


FIGURE 3. Relations between semiquantitative cineangiographic grading of valve regurgitation and left ventricular regurgitant fraction (RF) determined 
from (A) gated radionuclide angiography (GRA) and (B) cardiac catheterization (CATH) data. Control subjects are represented by circles, patients 
with valve regurgitation by triangles. Correlation data are calculated only for patients with valve regurgitation. 
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index. Although the regurgitant fraction is derived from 
exactly the same data (see Methods), it is not a linear 
function of the stroke volume ratio. Figure 3 shows the 
linear correlations between the total cineangiographic 
grading score and the regurgitant fraction determined 
with gated radionuclide angiography (r = 0.72) and with 
catheterization (r = 0.71) for the 22 patients with valve 
regurgitation. 


Discussion 


This study demonstrates that gated radionuclide 
angiography is an accurate noninvasive method for 
quantitating left ventricular volume overload from valve 
regurgitation and that it compares favorably with 
standard cardiac catheterization methods. Further- 
more, because gated radionuclide angiographic mea- 
surement of the stroke volume ratio has such a narrow 
normal range (0.96 to 1.20), it may also be useful in de- 
tecting relatively mild valve regurgitation. In this study, 
21 of 22 patients with valve regurgitation, including 3 
of 4 with only 1+ mitral regurgitation, had an abnormal 
stroke volume ratio as assessed with gated radionuclide 
angiography. Conversely, a normal stroke volume ratio 
obtained with this radionuclide method would appear 
to exclude hemodynamically significant aortic or mitral 
regurgitation. 

Potential limitations of method: There are several 
limitations to the usefulness of this technique. Left 
ventricular volume overload cannot be measured in the 
presence of right ventricular volume overload, whether 
the latter is due to shunt or to valve regurgitation. An- 
other limitation is that, when both left heart valves are 
regurgitant, only the total left ventricular volume 
overload can be measured, not the relative contributions 
of each valve. The final limitation, common to all gated 
cardiac scans, is that it cannot be performed in patients 
with widely varying R-R intervals such as those with 
atrial fibrillation or multifocal atrial tachycardia, and 
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therefore it is not of use in many patients with valvular 
heart disease. 

Early radionuclide methods for quantitating valve 
regurgitation either required invasive catheterization 
for central radionuclide injection or were subject to large 
measurement variance.!®!7 More recently, standard 
gated cardiac blood pool scans have been successfully 
used to quantitate valve regurgitation by measurement 
of the stroke volume ratio. Our study supports this 
latter finding and suggests some technical refinements 
for possible improvements in this basic radionuclide 
method. 

Clinical applications: Accurate measurement of the 
natural progression of aortic and mitral regurgitation 
and the appropriate timing of surgical interventions are 
difficult.!8-2 Recently, gated radionuclide angiography 
during exercise has been shown to be particularly useful 
for detecting early left ventricular dysfunction in pa- 


tients with aortic regurgitation.?! Now, this basic ra- — 


dionuclide technique can be applied to the measure- 
ment of left ventricular volume overload as well. Ulti- 
mately, longitudinal studies of patients with gated ra- 
dionuclide angiography, using the resting stroke volume 
ratio to quantitate left ventricular volume overload and 
using exercise-induced changes in ejection fraction to 


quantitate left ventricular dysfunction, should allow 3 


more accurate definition of the natural history and 
surgical therapy of acute and chronic regurgitant valve 
disease than has previously been possible. 

In addition to its already demonstrated usefulness in 
valvular heart disease, the measurement of stroke vol- 
ume ratios with gated radionuclide angiography has 
obvious applications in congenital heart disease. Similar 
methods should allow simple and accurate quantitation 
of unidirectional shunts that are not at the ventricular 
level, such as those occurring in atrial septal defect, 
anomalous pulmonary venous drainage or patent ductus 
arteriosus.?? 
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degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
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. blockade may precipitate more severe failure. Although beta-blockers should be avoided 
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blocking agents do not abolish the inotropic action of digitalis on heart 
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Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing chronic 
use of nadolol, particularly in patients with ischemic heart disease, gradually reduce 
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management of unstable angina if angina markedly worsens or acute coronary in- 
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| physician's advice. Because coronary artery disease is common and may be 
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_ effects. In 2-year oral carcinogenic studies in rats and mice, nadolol did not produce 


neoplastic, preneoplastic, or nonneoplastic pathologic lesions. 
— In animal reproduction studies with nadolol, evidence of embryo- and 


fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
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greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, exercise caution when nadolol is administered to a 
nursing woman. Animal studies showed that nadolol is found in the milk of lactating rats. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia 
were seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually 
of the Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, 
hypotension, and rhythm/conduction disturbances have each occurred in about 1 of 100 
patients. Single instances of first degree and third degree heart block have been reported; 
intensification of AV block is a known effect of beta-blockers (see also CONTRAIN- 
DICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous System — 
Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, sedation, 
and change in behavior reported in approximately 6 of 1000 patients. Respiratory — 
Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDICA- 
TIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal discom- 
fort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each 
reported in 1 to 5 of 1000 patients. — Each of the following reported in 1 
to 5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or - 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision. Although relationship to drug usage is not clear, sleep 
disturbances have been reported. The oculomucocutaneous syndrome associated with 
practolol has not been reported with nadolol. 

Potential Adverse Effects: Although other adverse effects reported with other beta- 
adrenergic blocking agents have not been reported with nadolol, they should be considered 
potential adverse effects of nadolol. Central Nervous System — reversible mental depres- 
sion progressing to catatonia; visual disturbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for time and place; short-term memory loss, 
emotional lability with slightly clouded sensorium; decreased performance on neuro- 
psychometrics. Gastrointestinal — mesenteric arterial thrombosis; ischemic colitis. 
Hematologic — agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 
Allergic — fever combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — reversible alopecia; Peyronie's disease; erythematous rash. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In deter- 
mining duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. (There is 
evidence that epinephrine may be the drug of choice.) 

P Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline 
erivative. 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing 
of the heart rate; usual maintenance dose is 80 to 240 mg q.d. (most patients respond to 16 
mg or less daily). If treatment is to be discontinued, reduce dosage gradually over a 
period of 1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 80 to 320 mg q.d. (rarely, doses up to 640 mg may be needed). 

Patients with renal failure require adjustment in dosing interval — see package insert 
for dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets praes. Siaa 80, or 120 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic® single-dose packs of 100 tablets. 
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Richard Van Praagh, M.D. 
Atsuyoshi Takao, M.D. 
550 pages, 254 illustrations, 1980 $47.50 


This book deals with genetics, genetic counseling, 
chromosomal abnormalities, normal embryology, 
experimental teratology, and clinical-pathological- 
embryological correlations that are essential to the 
understanding, diagnosis and management of con- 
genital heart disease. 
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Vol. II Clinical Pharmacology and Use of 
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512 pages, 5 tables, 22 illustrations, 1980 $42.00 

Vol. III, Part I Clinical Manifestations/Medical 
Management 

448 pages, 56 illustrations, 52 tables, 1980 $39.50 


Vol. III, Part II Surgery, Renal Disease, and 
Special Problems 
256 pages, 31 illustrations, 25 tables, 1980 $27.00 


"Dr. Scott has assembled an outstanding group of ex- 
perts who have contributed chapters to his book. . . 
It should prove to be a valuable contribution to the 
literature of medicine and cardiology.” 

—from the Foreword by Noble O. Fowler, M.D. 
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| Correlative Atlas 
of Adult Cardiac Disorders: 


Noninvasive Diagnostic Techniques 


Michael V. Cohen, M.D. 


432 pages, 8' 2" x 11", 486 illustrations, 1980 $48.50 


This atlas seeks to describe and present examples of 
typical and characteristic abnormal echocar- 
diograms, phonocardiograms, and pulse tracings in 
adult cardiac disorders. It is organized by individual 
diseases and each chapter reveals how these nonin- 
vasive techniques may be employed to document or 
exclude the presence of the disorder being question- 
ed. Abnormal features are explained in terms of 
altered physiology and are graphically demonstrated 
with examples from actual patient studies. Correla- 
tions among the various techniques are described ex- 
tensively and the potential value of one technique in 
the interpretation of the results of a second technique 
is emphasized. The reader is provided with reasons 
for the appearance of abnormal sounds and pulses 
and examples which can assist in interpretation of his 
own clinical material. 









Diagnosis and Treatment 
of Cardiac Arrhythmias 
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Emphasis on the Use of Atrial and 
Ventricular Epicardial Wire Electrodes 


Albert L. Waldo, M.D. 
William A. H. MacLean, M.D. 
280 pages, 151 illustrations, 1980 $29.50 


"The scientific content of this monograph is matched 
by the elegant simplicity of the presentation. ..a 
superb text." 


—from the Foreword by John W. Kirklin, M.D. 
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Between January 1, 1974 and December 31, 1978, 47 xenografts (8 aortic, 
28 mitral, 4 tricuspid, 3 left atrioventricular valve in I-transposition of the 
great arteries and 3 aortic-mitral) were implanted in 44 patients, aged 
10/12 to 20 5/12 years (median 12 2/12). All eight patients with aortic 
valve replacement survived and were followed up for 22.5 + 10.4 months 
(mean + standard error of the mean). At postoperative cardiac cathe- 
terization in three patients, the peak systolic ejection gradient ranged 


between 24 and 38 mm Hg and the valve area index between 0.71 and — 


1.15 cm?/m?. Among 26 patients who underwent mitral valve replace- 
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ment, 5 died operatively and 2 died 2 months postoperatively, leaving 19 3 


long-term survivors who were followed up for 26.2 + 15.6 months. In the 


11 patients who underwent postoperative cardiac catheterization, the 


mean diastolic gradient was 6.1 + 2.7 mm Hg and the mean valve index 
1.79 + 0.76 cm?/m?. Severe subaortic obstruction, due to the prosthetic 
mitral valve, occurred in three of five patients less than 5 years old. 
Among four patients who underwent tricuspid valve replacement there 
were no operative deaths; complete heart block occurred in three. At 
postoperative catheterization in two patients, the mean diastolic gradient 


was 3 and 5 mm Hg, and the valve index 1.32 and 1.7 cm?/m?, respec- __ 
tively. Three patients with I-transposition of the great arteries who un- | 


derwent replacement of the systemic atrioventricular valve were followed 
up for 12 to 37 months. At postoperative catheterization the mean diastolic 
gradient was 0 to 4 mm Hg and the valve index ranged from 1.68 to 1.88 
cm?/m?. Both aortic and mitral valves were replaced in three children. 


One died at operation and one 6 months after operation. The survivor has _ 


complete heart block but is in New York Heart Association functional 
class I. 


Eight xenografts (6 mitral, 1 left atrioventricular valve in I-transposition a 


of the great arteries and 1 aortic) failed, requiring replacement 22 to 68 
months after implantation. All were calcified to varying degrees. Valve. 
failure began presenting 22 months after implantation, and of 25 valves 
implanted for 20 months or longer, 8 have been replaced. These 8 patients. 
were younger (10.3 + 0.2 years) at initial valve replacement than the 
other 17 patients (15.0 + 0.3 years) followed up for 20 months or longer 
(p <0.05). High levels of ^y-carboxyglutamic acid (GLA), a calcium- 
binding amino acid, were found in all six calcified xenografts analyzed, 
whereas none was found in a fresh porcine aortic valve or in an unim- 
planted xenograft. GLA-containing protein, laid down after implantation, 
may play a role in xenograft calcification. 


Stent-mounted glutaraldehyde-preserved porcine xenografts have be- 
come increasingly popular in the treatment of valvular heart disease in 
adults. The advantages of this valve include a low incidence of throm- 
boembolic complications without anticoagulation,!? good hemodynamic 
function-?^4 and apparently excellent durability. For these reasons, 
xenografts would seem particularly suitable for use in children, and in 


recent years they have been used with increasing frequency. Although . 


the central orifice has advantages over valves with peripheral flow pat- 
terns,*® the ratio of internal diameter to external diameter is smaller 
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. than that of other prosthetic valves and may cause 


functional stenosis in smaller sizes.'!* Furthermore, the 
durability in children of the current generation of xen- 
ografts is in question.’ In 1978, Rose et al.? described 
calcification of a xenograft 12 months after insertion in 
a 14 year old boy. Kutsche et al.? also observed calcifi- 
cation in three of nine xenografts 3.5 to 4.8 years after 
implantation in children. Most recently Geha et al.!? 
collected 4 examples of calcification and failure occur- 
ring 18 to 45 months postoperatively in 25 implanted 
xenografts. Silver et al.!! and Thandroyen et al.!? re- 
cently described the histologic features of calcified 
xenografts removed from children. Although early cal- 
cific degeneration of xenografts is rare in adults,!? these 
reports suggest that it may be a significant problem in 
younger patients. 

Xenograft calcification, like normal mineralization 
and ectopic calcification at other sites, is probably 
regulated by calcium-binding proteins. A series of 
proteins containing the calcium-binding amino-acid, 
gamma-carboxyglutamic acid (GLA), have been dem- 
onstrated at sites of pathologic calcification such as 
renal stones!^4 and calcified atherosclerotic plaque.19.16 


_ Such proteins have also been demonstrated in calcified 
aortic valve tissue.!? Although the role of these proteins 


in the calcification of xenografts is unknown, its eluci- 
dation may provide information about the mechanism 
of pathologic calcification and possibly a method of 
prevention. 

This report describes our experience with Hancock 
xenograft valves implanted in young patients. Data will 
be presented concerning operative results, postoperative 


-= hemodynamics and the durability of xenografts. Fur- 


thermore, data showing that GLA-containing proteins 


.. are involved in the process of xenograft calcification will 
— be presented and discussed. 


Methods 


Patients: Between January 1, 1974 and December 31, 1978, 
82 valves were replaced in 75 patients under age 21 years at 
Children's Hospital, Boston. Thirty-one children underwent 


.. valve replacement with Bjork-Shiley (30) or dura mater (5) 


valves; 47 Hancock xenografts were implanted in 44 other 
children who constitute the study series. Their ages at the time 
of surgery ranged between 10/12 and 20 5/12 years (median 
12 2/12). Eighteen patients were male and 26 were female. 
Eight patients, aged 14 3/12 to 19 4/12 years (median 16 
1/12) underwent aortic valve replacement, seven for aortic 
regurgitation and one for aortic stenosis. Twenty-eight mitral 
valve replacements were performed in 26 patients, aged 10/12 
to 20 5/12 years (median 14 1/12). Complete atrioventricular 


_ (A-V) canal and primum atrial septal defect were the most 


frequent underlying lesions. Valve replacement was performed 
for mitral regurgitation in 18, inadequate valve tissue at repair 
of atrioventricular canal or atrial septal defect in five, mitral 
stenosis in two and prosthetic valve-related problems in three 
(prosthetic valve dehiscence, prosthetic valve stenosis and 


recurrent infection). Four patients, aged 6 6/12 to 15 10/12. 


years, underwent tricuspid valve replacement for moderate 
or severe tricuspid regurgitation associated with pulmonary 
hypertension in three and Ebstein's malformation in one. 
Three patients with l-transposition of the great arteries, aged 
7 9/12, 10 7/12 and 20 2/12 years, respectively, underwent 
replacement of the left (systemic) A-V valve for moderate or 


severe regurgitation. In three patients, aged 2 8/12, 9 10/12 and 
13 2/12 years, respectively, both aortic and mitral valves were 
replaced. Four of the six inserted valves were xenografts. 

Indications for surgery: In patients with aortic valve 
disease the indications for surgery included severe aortic 
stenosis with a peak systolic ejection gradient of 75 mm Hg 
or more after valvotomy, or aortic regurgitation with pro- 
gressive cardiac enlargement or congestive heart failure. The 
final decisions for valve replacement instead of valvuloplasty 
and for the type of valve used were made at the time of oper- 
ation, but xenografts were rarely chosen if the anulus appeared 
small. Indications for mitral (systemic A-V) valve replacement 
included the inability to perform an adequate valvuloplasty 
during the repair of a primum atrial septal defect or complete 
A-V canal, severe mitral! regurgitation with progressive cardiac 
enlargement or poorly controlled congestive heart failure, or. 
severe mitral stenosis with pulmonary hypertension. Tricus- 
pid valve replacement was performed for moderate or severe 
tricuspid regurgitation associated with right ventricular failure 
or low cardiac output, or both. 

Follow-up study: Nineteen of 35 long-term survivors (54 
percent) underwent elective cardiac catheterization 6 to 28 
months postoperatively in accordance with our established 
protocol for follow-up study of patients undergoing surgery. 
Eight patients underwent postoperative catheterization be- 
cause of a clinically apparent problem (four repeat and four 
primary catheterizations). Patients were premedicated with 
a sedative compound (meperidine, chlorpromazine and pro- 
methazine), and catheterization was performed from the groin 
by the percutaneous technique. Pressures were measured 
using a fluid-filled catheter system and valve areas were cal- 
culated using the formulas of Gorlin and Gorlin.!? 

Analysis of xenografts: Xenografts requiring replacement 
were obtained at surgery and analyzed for y-carboxyglutamic 
acid (GLA) and calcium content as previously de- 
scribed.19.19-?! Fresh porcine valves obtained at slaughter and 
commercially prepared glutaraldehyde-preserved xenografts 
were analyzed as control specimens. 

Student's t test was used to assess the significance of dif- 
ferences between means. | 


Results 
Operative Results and Hemodynamics 


Aortic valve replacement: Of eight patients who 
underwent aortic valve replacement, none died at op- 
eration (Table I). Transaortic closure of a ventricular 
septal defect was also performed in one patient (Case 
7). Perioperative complications included hemoperi- 
cardium (one patient), cerebrovascular accident (one 
patient) and transient high grade ventricular arrhyth- 
mia (one patient). 

The eight patients were followed up 22.5 + 10.4 
months (range 7 to 37). Seven remained asymptomatic; 
none received anticoagulant therapy and none have had 
evidence of thromboembolism or infective endocar- 
ditis. 

Three patients underwent routine postoperative 
cardiac catheterization 12 to 24 months after valve re- 
placement. The peak systolic ejection gradient ranged 
from 24 to 38 mm Hg and the valve area index from 0.71 
to 1.15 cm?/m? (Table I). In two patients the systolic 
gradient increased to 70 and 80 mm Hg with exercise. 
Mild aortic regurgitation was found in two. 

One patient (Case 2) presented 31 months postop- 
eratively with xenograft valve calcification and severe 
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aortic stenosis (peak systolic ejection gradient — 110 
mm Hg). The xenograft valve was successfully replaced 
with a 25 Bjork-Shiley valve. 

Mitral valve replacement: T'wenty-six patients 
underwent mitral valve replacement (Table IT). There 
were five operative deaths (18 percent) in patients 
ranging in age from 10/12 to 16 11/12 years (median 5 
7/12). Associated procedures included repair of com- 
plete A-V canal (Cases 14, 15 and 22), resection of a 
subaortic membrane (Cases 10 and 31), repair of an 
ostium primum atrial septal defect (Case 25), suture of 
a hole in an aortic valve leaflet (Case 13), and creation 
of an interatrial baffle in a patient with complex con- 
genital heart disease involving a common atrium and 
a common A-V valve (Case 30). Operative complications 
included congestive heart failure (3 patients), low car- 
diac output (2), hemolysis (1), iatrogenic ventricular 
septal defect requiring closure (1), complete heart block 
(3) and assorted other transient rhythm disturbances 
(11). Fifteen patients received warfarin for 6 weeks 
postoperatively. One patient has been treated chroni- 
cally with anticoagulant agents because of a markedly 
dilated left atrium. Two patients died 2 months after 
operation, one after spontaneous ventricular fibrillation 
and one during repair of a prosthetic valve dehis- 
cence. 

In two patients (Cases 12 and 30) the xenografts 
were replaced when they became infected 16 and 35 
months, respectively, after operation. In one of the two, 
Staphylococcus epidermidis caused an indolent recur- 
rent infection, and in the other fever and severe mitral 
regurgitation were evident after 4 days of antibiotic 
therapy for pneumonia. Although gram-negative rods 
were seen on a smear from the latter patient's valve, 


cultures were negative. Both patients survived and have 
no signs of recurrent infection. 

The 19 surviving patients were followed up for 26.2 
+ 15.6 months (range 4 to 68). Eleven patients under- 
went routine postoperative cardiac catheterization, 6 
to 28 months postoperatively (Table II). The mean di- 
astolic gradient was 6.1 + 2.7 mm Hg (range 1 to 12) and 
the mean mitral valve index was 1.79 + 0.76 cm?/m? 
(range 1.1 to 2.98). Mild mitral regurgitation was dem- 
onstrated in two patients. 

Six patients (Cases 13, 18, 20, 27, 30 and 33) pre- 
sented 22 to 68 months postoperatively with evidence 
of xenograft failure. Severe calcific mitral stenosis de- 
veloped in two, while cusp degeneration led to severe 
regurgitation in the other four. Five patients underwent 
prosthetic valve replacement with a mechanical pros- 
thesis; one received a xenograft. There was one opera- 
tive death and the other five patients are asympto- 
matic. 

Tricuspid valve replacement: There were no op- 
erative deaths in the four patients who underwent tri- 
cuspid valve replacement (Table III). Two underwent 
associated procedures: closure of ventricular septal 
defect (Cases 35 and 36) and debanding of the pulmo- 
nary artery (Case 36). Complete heart block occurred 
in three patients, two of whom required a pacemaker. 
The four patients were followed up for 13 to 24 months. 
One (Case 37) died 15 months postoperatively. Two of 
the three remaining patients are asymptomatic; the 
third has mild symptoms during moderate exercise. No 
patient received anticoagulant therapy or has had evi- 
dence of thromboembolism or infective endocarditis. 
At postoperative cardiac catheterization in two patients, 
the mean diastolic gradient was 3 and 5 mm Hg and the 


Operative Results and Postoperative Hemodynamics in Patients Undergoing Aortic Valve Replacement 


TABLE | 
Age at Operative 
Operation BSA Valve — Compli- X Postop- 
Case Diagnosis (yr) (m?) Size cations cath 
1 AS,s/p 179,9 1.6 23  Hemoperi- None 
valvotomy cardium 
AR | 
2  AS,s/p 14342 1.4 25  Ventricular Clin, 
valvotomy arrhythmia 31 mo 
AR 
3 RHD, AR 189A; 19 25 None R, 
27 mo 
4  AS,s/p 15845 1.6 25 None None 
valvotomy 
AS 
5 AR 1612 18 27  LeftCVA, None 
(unknown probable 
origin) air 
embolus 
6 AR,lE 15142 Ki 23 one R, 24 
mo 
7 VSD, AR 19542 2.0 29 None None 
8 BicuspidAo 1944; 19 25 None R, 12 
valve, AR mo 


LVP AOP  PSEG AVI Total Postop Postop 
(mm (mm (mm (cm?/ Follow-Up. NYHA . Compli- 
Hg) Hg) Hg) m?) AR (months) Class cations 
7 | None 
202/4 93/65 110 0.51 Mild 32 | | | Calcific 
stenosis of 
xenograft, 
PVR 
140/8 116/84 r24; 0.76 None 18 | None 
ex 70 
32 | None 
37 | None 
120/8 85/53 35 0.71 Mild 24 | None 
12 | None 
140/8 102/78 r38; 1:457. 4 21 | None 


ex 80 


Ao = aortic; AOP = aortic pressure; AR = aortic regurgitation; AS = aortic stenosis; AVI = aortic valve index; BSA = body surface area; cath 
= cardiac catheterization; Clin = clinical indication; CVA = cerebrovascular accident; ex = exercise; IE = infective endocarditis; LVP = left ventricular 
pressure; mo = months after implantation; NYHA Class = New York Heart Association functional class??; Postop — postoperative; PSEG = peak 
systolic ejection gradient; PVR = prosthetic valve replacement; R = routine; r = rest; RHD = rheumatic heart disease; s/p = status post; VSD 


.— ventricular septal defect. 
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TABLE lll 
Operative Results and Postoperative Hemodynamics in Patients Undergoing Tricuspid Valve Replacement 
Age at RAP RVEDP MDG TVI Total Postop Postop 
Operation BSA Valve Operative Postop (mm (mm (mm cm?/ Follow-Up NYHA . Compli- 
Case Diagnosis (yr) (m?) Size Complications Cath Hg) Hg) Hg) m? TR (months) Class cations 
35  VSD, PHT, TR 69/5 0.6 29 CHBrequiring None 24 | CHB 
pacemaker; 
bilateral 
phrenic 
nerve 
palsy 
36 Cortriatriatum, 151%. 1.2 25 CHBrequiring R,13 a= 11; 6 7 18 None -. 13 ll CHB 
VSD, PHT, pacemaker mo v= odin g 
TR = 
37 d-TGA, VSD, 1312 1.2 29 Lowcardiac None 15 IV . Death: 
PHT, TR output; CHB progres- 
requiring sive PVO 
pacemaker and CHF 
38 Ebstein's 126/2 13 31 Lowcardiaac R, 13 a510; 7 6 1.7 None 18 | None 
anomaly output mo v= 6; 
m=4 





d-TGA = dextrotransposition of the great arteries; PHT = pulmonary hypertension; PVO = pulmonary vascular obstruction; RAP = right atrial 


pressure; RVEDP = right ventricular end-diastolic pressure; TR = tricuspid regurgitation; TVI 


Tables | and Il. 


valve index 1.30 and 1.70 cm?/m?, respectively. One 
patient had mild tricuspid regurgitation. 
Left A-V valve replacement in l-transposition: 


Three patients with l-transposition of the great arteries . 


underwent replacement of the left (systemic) A-V valve 
(Table IV). One patient had complete heart block before 
surgery. Closure of an atrial septal defect was performed 
in two (Cases 39 and 41) and of a ventricular septal de- 
fect in one (Case 41). In one patient (Case 39), chorea 
and altered sensorium appeared 3 weeks postopera- 
tively, but resolved over several months. 

There were no late deaths during 12 to 49 months of 


TABLE IV 


— tricuspid valve index; other abbreviations as in 


follow-up study and two patients were in New York 
Heart Association functional class I?? at the most recent 
clinic visit. None received anticoagulant therapy and 
none has shown evidence of thromboembolism or in- 
fective endocarditis. 

All three patients underwent a second catheteriza- 
tion postoperatively. The mean diastolic gradient 
ranged between 0 and 4 mm Hg and the valve index 
between 1.68 and 1.88 cm?/m?. No patient had left A-V 
valve regurgitation. One patient (Case 39) presented 
after 49 months with evidence of xenograft calcification 
and stenosis. Repeat cardiac catheterization showed a 


Operative Results and Postoperative Hemodynamics in Patients Undergoing Replacement of Left Mtm Atriovertricular 


Valve in I-Transposition of the Great Arteries 


LAVV Total 


Age at Opera- 
Opera- tive PCP/ 
Diag- tion BSA Valve Compli- Postop LAP 
Case nosis (yr) (m?) Size cations Cath (mm Hg) 
39  |-TGA, 10742 1.0 31 None R: 12. a^^ 12; 
ASD 2°, mo v= 13; 
LAVV m = 18 
regurgi- 
tation 
Clin, a= 38; 
49 v= 32; 
mo m= 25 
40 I-TGA, 207,  Á 16 31 None R a=8; 
CHB, m=6 
LAVV 
regurgi- 
tation 
41 |-TGA, iis ey, BF None R,12 m=8 
VSD, PS, mo 
LAVV 
regurgi- 
tation 
LAVV = left atrioventricular valve; I-TGA = 


end-diastolic pressure; 2° 


SVEDP MDG 
(mm (mm 
Hg) | Hg) 


8 9 
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Index 
(cm?/ 
m?) 


1.9 


LAVV 
Regur- 


None 


None 


None 


Follow- 


Up 


gitation (months) 


40 


12 


Postop 
NYHA 
Class 


Postop 
Compli- 
cations 


Chorea 
3 weeks 
postop, 
resolved 
sponta- 
neously 

Xenograft 
calcifi- 
cation and 
stenosis, 
PVR 

None 


None 


levotransposition of the great arteries; PS = pulmonary stenosis; SVEDP = systemic ventricular 
= secundum; other abbreviations as in previous tables. 


Pare Fst 


Operative Results in Patients Undergoing Double (aortic and mitral) Valve Replacement 


Case Diagnosis (yr) (m?) Size 


- TABLE V 
Age at 
Operation BSA Valve 
42 AS, s/p 25/45 0.52 M19,A 
valvotomy, dura mater 
MS, PHT #14 
43 ASD 1°, 13345 M31; 
s/p repair; A 23 
MR, AR 
44 Sub-AS, 910/2 M 23; A 
s/p repair, Bjork-Shiley 
a AR, #19 
R 


ea SS "EX T en tng 
- d Y. p " ` r x -5 


Total Postop 
Operative Follow-Up NYHA Postop 
Complications (months) Class Complications 
Death in O.R.; 
subaortic 
obstruction 
from 
xenograft 
CHB requiring 12 | CHB, atrial 
pacemaker fibrillation, 
ventricular 
arrhythmias 
CHB requiring 6 IV Death: progres- 
pacemaker sive CHF 


A — aortic position; M — mitral position; other abbreviations as in previous tables. 


mean diastolic gradient of 24 mm Hg. The valve was 
successfully replaced with a mechanical prosthesis. 
Combined aortic and mitral valve replacement: 
Both aortic and mitral valves were replaced in three 
patients (Table V). One child (Case 42) with aortic and 


mitral stenosis had a no. 19 xenograft implanted in the . 


mitral position and a no. 14 dura mater valve in the 
aortic position. This patient could not be weaned from 
cardiopulmonary bypass at the end of the procedure. 
Postmortem examination showed left ventricular out- 
flow tract obstruction from the xenograft. 
"The second child (Case 43), with an atrial septal 
defect associated with mitral and aortic regurgitation, 
underwent mitral and aortic valve replacement with a 
no. 31 and a no. 23 xenograft, respectively. Because she 
had permanent complete heart block, a pacemaker was 
implanted in the postoperative period. Although she 


was in functional class 1 12 months postoperatively, she 


has since had atrial fibrillation and ventricular ectopic 
complexes. 

The third patient (Case 44) had mitral regurgitation, 
aortic regurgitation and a ventricular septal defect after 
resection of subaortic stenosis. She.underwent mitral 

valve replacement with a no. 23 xenograft and aortic 
valve replacement with a no. 19 Bjork-Shiley prosthesis. 
Congestive heart failure persisted, and she died 6 
months postoperatively. 

GLA and calcium analysis: Six (Cases 2, 21, 27, 30, 
33 and 39) of the eight xenografts requiring replacement 
have been analyzed for y-carboxyglutamic acid (GLA) 
and calcium content. The valves were removed 32, 34, 
22. 34, 68 and 49 months, respectively, after implanta- 
tion. All six were calcified and contained high levels 
of 'y-carboxyglutamic acid (GLA) (Table VI). Fresh 
porcine aortic valves and unimplanted xenografts 
contained no GLA and had low calcium content. 


Discussion 


Surgical Results and Hemodynamics 


Aortic valve: The operative mortality and morbidity 
rates for aortic valve replacement proved to be quite 
low, similar to those in adult patients. Although xeno- 
grafts were used only in patients with a “normal”-sized 


aortic anulus, a small transvalve gradient at rest ranging 
from 24 to 38 mm Hg (which increased with exercise) 
was demonstrated in all three patients who underwent 
elective cardiac catheterization after aortic valve re- 
placement. Therefore, as previously suggested,??! 
xenografts are not suitable for patients with a small 
aortic anulus unless surgical enlargement is performed. 
We no longer implant xenografts smaller than no. 25 in 
the aortic position. 

Mitral valve: The operative mortality for mitral 
valve replacement with a xenograft was similar to that 
reported in children after valve replacement with a 
mechanical prosthesis.2?-?6 An important factor con- 
tributing to mortality and morbidity in very young pa- 
tients in this series was left ventricular outflow tract 


‘obstruction secondary to a protruding valve ring or 


strut. Of the five patients less than 5 years of age who 
underwent mitral valve replacement alone (four) or in 
combination with aortic valve replacement (one), three 
died in the early postoperative period. Significant 
subaortic obstruction was noted at postmortem exam- 
ination in two (Cases 29 and 42). One surviving patient 
(Case 22) was found on routine postoperative cathe- 
terization to have a 100 mm Hg peak systolic gradient 


TABLE VI 


^y-Carboxyglutamic Acid (GLA) and Calcium Content of a 
Fresh Porcine Valve, an Unimplanted Xenograft and Six 
Calcified Xenografts 


GLA* Calcium 
> (nmol/mg (nmol/mg 
Specimen protein) protein) 
Fresh porcine aortic valve 0.0 37.5 
Unimplanted xenograft 0.0 47.7 
Implanted xenografts 
Case 2 8.8 13,735 
Case 21 10.4 11,770 
Case 27 10.0 23,190 
Case 30 6.3 12,735 
Case 33 18.3 30,441 
Case 39 4.3 7,527 


* Sensitivity of amino acid analysis is 10711 M, with less than 2 
percent variation in ninhydrin peak area." 
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FIGURE 1. Calcified xenograft removed from the mitral position 34 months after implantation. Left, atrial side; right, ventricular side. 


across the left ventricular outflow tract. Although the 
incidence of subaortic obstruction is less with currently 
available low profile valves, the problem is not entirely 
prevented by their use. Furthermore, patients receiving 
these mechanical prostheses must be treated with 
anticoagulant agents. Obviously, a prosthesis suitable 
for use in infants and small children is not now avail- 
able. 

Complete heart block: This was a common com- 
plication of mitral, tricuspid and double (mitral and 
aortic) valve replacement, occurring in 14, 75 and 100 
percent of survivors, respectively. It is our impression 
that the high incidence rate of complete heart block is 
related to compression of the conduction tissue by the 
bulky sewing ring of xenograft valves rather than to 
direct surgical injury. Four patients also required a 
pacemaker for sick sinus syndrome, predominantly in 
association with bradyarrhythmias. 

In older patients (more than 5 years of age) xeno- 
grafts (sizes 23 to 31) functioned acceptably as re- 
placements for either the right or the left A-V valve. The 
mean diastolic gradients and valve indexes measured 
in this series were similar to those reported in 
adults.?4 


Durability 


Xenograft failure: Despite excellent long-term re- 
sults reported in adult patients, early failure of xeno- 
grafts implanted in children has been observed in in- 
creasing and alarming numbers. In our series, eight 
xenografts (six mitral, one aortic and one left A-V valve) 
failed 32 to 68 months after implantation, and re- 





placement was required in each case. Four (two mitral, 
one aortic and one left A-V valve in a patient with l- 
transposition) became severely stenotic (Fig. 1). Cusp 
rupture in the other four caused severe mitral regurgi- 
tation (Fig. 2). Various degrees of calcification occurred 
in all eight. 

Valve failures began presenting 22 months after 
implantation, and of 25 valves followed up for 20 
months or longer, eight have been replaced. Although 
the confidence limits are broad because of the small 
number of patients, actuarial analysis by life table 
showed only 50 percent of xenografts remaining intact 
after 45 months. 

The eight patients in whom xenografts failed were 
younger (10.3 + 0.2 years) (mean + standard error) at 
initial valve replacement than were the other 17 patients 
(15.0 + 0.3 years) followed up for 20 months or longer 
(p <0.05). Of xenografts that have been in place at least 
20 months, five of seven implanted in patients less than 
11 years of age, three of seven in patients 11 to 14 years 
of age and none of 11 in patients more than 15 years of 
age have required replacement. 

Valve calcification: The finding of GLA-containing 
proteins in calcified xenografts may be of particular 
importance in determining the mechanism of this 
complication. GLA was first discovered in prothrombin, 
where it occurs at the calcium binding sites.2” The 
synthesis of GLA in prothrombin is a post-translational 
event, involving a vitamin K-dependent carboxylation 
of specific glutamic acid residues.? Subsequently, 
similar vitamin K-dependent GLA-containing proteins 
were discovered in bone,!? kidney,?? renal stones!^ and 

v 
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FIGURE 2. Xenograft removed from the mitral position after 68 months, showing disruption of cusps and areas of calcification. Left, atrial side; 


right, ventricular side. 


calcified atherosclerotic plaque.!?!6 Levy and Lian!” 
recently reported that protein-bound GLA occurs in 
calcified stenotic aortic valves and in calcified aortic 
homografts, but not in normal human aortic valves. 
High levels of GLA were found in all six calcified 
xenografts analyzed, whereas fresh porcine aortic 
valves and unimplanted xenografts contained none. 
Thus, GLA-containing proteins that become associated 
with the valves after implantation may play an impor- 
tant primary or secondary role in xenograft mineral- 
ization. The source of these proteins is unclear, but may 
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be circulating macrophages that invade the leaf- | 
lets.?9,30 

Because the synthesis of GLA is dependent on vita- | 
min K, antagonists such as warfarin, either adminis- | 
tered to the patient or used in valve preparation, could - 
block the formation of GLA and perhaps attenuate or . 
prevent xenograft calcification. Clearly, further data are - 
needed concerning the incidence of xenograft calcifi- 
cation in young patients, the relation of this complica- — 
tion to age at implantation and the role of GLA-con- | 
taining proteins in the process of calcification. 
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The sequential chamber analysis and angiographic, hemodynamic and | 
clinical features, including those seen on electrocardiography, are pre- 
sented in 18 patients with a univentricular heart of right ventricular type. - 


In all cases a main chamber with a right ventricular trabecular pattern — 


received both (or the sole) atrioventricular (A-V) connections, and a ru- - 
dimentary chamber with a left ventricular trabecular pattern receiving 
no A-V connection was also present. The 18 patients were seen between 
197 1 and 1979; 6 died and the diagnosis was confirmed at autopsy. Twelve 
patients had double inlet, four absent right and two absent left A-V con- 
nections. Electrocardiography revealed right ventricular hypertrophy in 
all, and 11 had a superior mean frontal QRS axis. Chest roentgenography - 
disclosed dextrocardia in 7 and levocardia in 11. Of 12 infants presenting - 
with a marked decrease in pulmonary flow, 10 presented as ill neonates | 
with hypoxia and acidosis. Four infants with increased pulmonary flow j 
presented before 8 weeks with heart failure and mild cyanosis. Two with j 
moderate pulmonary stenosis had mild cyanosis, but were asymptomatic. 

All had associated cardiac anomalies, pulmonary stenosis and persistent — 
ductus arteriosus being the most common. For accurate diagnosis, an- | 


a 





giographic demonstration of a posterior rudimentary chamber in addition 
to the main chamber of right ventricular trabecular pattern is manda- | 
tory. * 


A univentricular heart may be defined as a heart in which both e 
ventricular (A-V) connections (or a sole connection) are committed to ' 
one ventricular chamber and in which any other chamber present within 
the ventricular mass is considered rudimentary because it lacks an A-V | 
connection.'? In the most common type of univentricular heart as thus - 
defined the ventricular chamber has a left ventricular trabecular pattern 
and the rudimentary chamber is of right ventricular type. Such hearts 
can exist either with a double inlet ventricle or with absence of one A-V- 
connection. However, univentricular hearts also exist with the converse 
trabecular patterns, the main chamber being of a right ventricular and 1 
the rudimentary chamber of a left ventricular type. An angiogram of such 
a heart was first described by Quero-Jimenez et al.,? and the anatomic | 
features were reported by Munoz-Castellanos et al., 4 who termed the 
anomaly double inlet and double outlet right ventricle. A more extensive 
series of such hearts with double inlet to a right ventricular chamber was | 
recently described by Soto et al.,? and some of the hearts described by — 
Moreno et al. as “mitral atresia with normal aortic valve" have com- 
parable ventricular morphologic features in the absence of a left A-V- 
connection. Thus the anomaly may be less rare than previously thought. | 
Indeed, we’ have previously recognized several examples among uni- 
ventricular hearts studied postmortem. Consequently, therefore, we 
reviewed retrospectively all the cases of univentricular heart diagnosed 
angiocardiographically at the Brompton Hospital from 1971 to 1978. 
Eighteen hearts were found whose main chambers were of right ven- 

tricular type and they form the subject of this report. i 
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Study Patients 


From 1971 to 1978, 220 patients with a univentricular heart 


(defined as a heart with its A-V connections committed to only ` 
one chamber in the ventricular mass)? were studied. These © 


included patients with “tricuspid” or “mitral” atresia, when 
the atresia was a consequence of absence of one A-V connec- 
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Results 


Sequential Chamber Analysis!:? 
(Table I) 


Atrial situs: Of the 18 patients, 13 exhibited atrial 
situs solitus, 2 atrial situs inversus and 3 atrial situs 
ambiguus with dextroisomerism. The presence of dex- 
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tion.? Eighteen of these patients had a univentricular heart 
of right ventricular type in the presence of a rudimentary 
chamber of left ventricular type (8.2 percent). In all 18 cases 
full segmental chamber analysis was possible from chest ra- 
diography, angiography and hemodynamic data. Clinical 
features, including those seen on electrocardiography, were 
analyzed in all 18 patients and the anatomic features were 
confirmed at postmortem examination in 6 cases. 


troisomeric atria was confirmed at postmortem exam- 
ination in one patient and on atrial or systemic venous 
angiography in two. Of the 13 patients with situs solitus, 
9 had levocardia and 4 dextrocardia; of those with situs 
inversus, all had dextrocardia. Of the three patients with 
situs ambiguus, two had levocardia and one dextro- 
cardia. 


TABLE | 
Case Summary in 18 Patients With Univentricular Heart of Right Ventricular Type 





Arterial Connection 


3 Age & Atrial A-V Connection Rudimentary Chamber Relation of Heart Ao 
. Case Sex Situs Type Mode Type Relation* Type Ao to PA Position Arch 
f A. Neonates With Decreased Pulmonary Flow 
= 1  ideF A Double Common Trabecular Post Double R post Levocardia L 
inlet A-V valve pouch outiet 
2 1 day M S Double 2 A-V Trabecular Post Double R ant Levocardia L 
inlet valves pouch outiet 
3 1 day M A Double Common Trabecular Post Single Pulm atr Dextrocardia R 
inlet A-V valve pouch outiet 
4 1dayF S Absent R uis Trabecular Post Single Pulm atr Dextrocardia L 
pouch outiet 
5 1 wk M S Double 2 A-V Trabecular Post Doublet Ant Dextrocardia R 
inlet valves pouch outiet 
6 1 wk F S Double 2 A-V Trabecular Post Single Pulm atr Levocardia L 
inlet vlaves pouch outiet 
7 1 wk M S Double 2 A-V Trabecular L post Double R Levocardia L 
inlet valves pouch outiet 
8 2 wk M | Double 2 A-V Trabecular Post Double R ant Dextrocardia L 
" inlet valves pouch outlet 
R. 9 1moM S Double Common Trabecular Post Single Pulm atr Levocardia L 
inlet A-V valve pouch outlet 
10 1 mo M S Absent R eat Trabecular L post Double Ant Dextrocardia R 
pouch outlet 
(—— T EmEER OW. r ro ex ar RID och t PRENDE QUIT o CRM SIG eh ee ie DUCI O9 S 
B. Infants With Decreased Pulmonary Flow 
0 eme. cum ence emo ne E REUNIR React umma eat iiem Moa L PEPPER PUT LPS BUR 
11 7 mo M A Double 2 A-V Tracecular R post Double Ant Levocardia L 
inlet valves pouch outlet 
12 9 mo M S Double 2 A-V Trabecular R post Double Ant Levocardia L 
inlet valves pouch outlet 
C. Infants With Increased Pulmonary Flow 
13 5 wk M S Absent L Trabecular L post Double R post Levocardia L 
pouch outlet 
14 5 wk F S Double 2 A-V Outlet Post Concor- R Levocardia L 
inlet valves chamber dant 
15 2 mo M S Absent L Tur Outlet L post Concor- R post Levocardia L 
chamber dant 
16 2 mo M S Absent R Trabecular L post Double R Dextrocardia È 


pouch outlet 


a a iq iiti 


D. Neonates and Infants With Balanced Hemodynamics 


17 1 day M | Double Common Trabecular L post Double L Dextrocardia R 
inlet A-V valve pouch outlet 

18 1yr M S Absent R ue Trabecular Post Double R ant Levocardia L 
pouch outlet 


* Relation of the rudimentary chamber to the main chamber. 
A = ambiguus; Ao = aorta or aortic; A-V = atrioventricular; | = inversus; L = left; PA = pulmonary artery; post = posterior; pulm atr = pulmonary 
atresia; R = right; S = solitus. i 
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Atrioventricular connection: Twelve patients had 
double inlet ventricle (through two A-V valves in 8 and 
through a common A-V valves in 4). In one of the pa- 
tients with two A-V valves, one of the valve rings 
straddled the rudimentary ventricular septum (Fig. 1). 
'The right A-V connection was absent in four patients 
(Fig. 2, a and b) and the left connection was absent in 
two (Fig. 3). 

Ventricular morphology: This was identified from 
biplane angiography in frontal and lateral projections 
and was confirmed in six hearts at postmortem exami- 
nation. All patients had a main chamber with a right 
ventricular trabecular pattern and a rudimentary 
chamber with a left ventricular trabecular pattern. 
Sixteen of the rudimentary chambers (which we termed 
trabecular pouches’; see Fig. 2b), did not give rise to a 
great artery whereas two (which we termed outlet 
chambers; see Fig. 4a and b) gave rise to the aorta. In 
most instances the main chamber had typical coarse 
right ventricular trabeculations (apparent in systole, 
although frequently not in diastole) and the rudimen- 
tary chamber was smooth-walled. However, a trabecular 
pattern alone was not always diagnostic. In this study 
we considered it important that the rudimentary ven- 
tricular chamber was always posteriorly situated. Most 
commonly, the chamber was either directly posterior 
(10 patients) or posterior and to the left (6 patients); in 


[a]: 


: FIGURE 2. Angiograms in a patient with a univentricular heart of right ventricular type. a, right atrial (RA) angiogram demonstrating absent right 
atrioventricular connection. b, lateral view of angiogram taken in the main chamber (MC). This chamber of right ventricular type is heavily trabeculated, 
whereas the small posterior rudimentary chamber (RC) of left ventricular type is relatively smooth-walled. This rudimentary chamber neither receives 
an inlet valve nor gives rise to a great artery and hence is defined as a pouch with a left ventricular trabecular pattern. The ventriculoarterial connection 
is that of double outlet ventricle, the relation of the aortic to the pulmonary valve being anterior and to the left (shown in frontal projection). 
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FIGURE 1. Frontal projection of angiogram performed in main chamber 
(MC) of right ventricular type of univentricular heart. Contrast medium 
outlines an atrioventricular valve ring (arrows) that straddles the main 
chamber and a small inferior rudimentary chamber (RC) of left ven- 
tricular type. The ventriculoarterial connection is double outlet ven- 
tricle. 
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FIGURE 3. Case 15. Specimen of univentricular heart of right ventricular 
type with situs solitus, absent left atrioventricular connection, outlet 
chamber (OC) of left ventricular type and concordant ventriculoarterial 
connections. The outlet chamber is opened from the posterior aspect. 
This chamber gives rise to the aorta (not shown), blood reaching the 
chamber through two defects (VSD) in the trabecular septum. No evi- 
dence of a left atrioventricular valve or its tensor apparatus was found. 
LA - left atrium. 


remm NEUTER i a i TS r 


mear y ZRP- TU 


two patients it was situated posteriorly and to the right 
of the main chamber. In previous morphologic stud- 
ies,^? we have always found a posterior rudimentary 
chamber in univentricular hearts of right ventricular 
type. All trabecular pouches were very small compared 
with the main chambers (Fig. 2b). The outlet chambers 
had trabecular components of reasonable size, but no 
A-V connection (Fig. 3 and 4b). Although smaller than 
the main ventricular chamber (Fig. 4a), these chambers 
could attain considerable size. However, size is not the 
criterion of whether such a chamber is rudimentary; this 
is determined by the presence or absence of an A-V 
connection.? 

Ventriculoarterial connections: In the two pa- 
tients with an outlet chamber the arterial connection 
was concordant, the pulmonary trunk arising from the 
main chamber of right ventricular type (Fig. 4a) and the 
aorta from the outlet chamber of left ventricular type 
(Fig. 4b). Twelve patients had double outlet connections 
(Fig. 1) and four had single outlet connections (Fig. 5): 
in both groups the arteries arose from the main cham- 
bers. All four patients with a single outlet had pulmo- 
nary atresia and it was not possible to ascertain the 
ventricular origin of the atretic pulmonary trunk. 

Relation to great arteries: In the 14 patients with 
both great arteries present, the relation of the aorta to 
the pulmonary artery was anterior in 3, anterior and to 
the right in 3, to the right in 4, to the right and posterior 
in 2, posterior in 1, and to the left in 1 (Fig. 6). The 
correlation of relation to the great arteries with atrial 


situs and ventricular position and shape is shown in 
Table I. 





FIGURE 4. Case 15. Ventricular angiograms. a, lateral view of contrast medium injected into a main chamber (MC) of right ventricular type, from 

which the pulmonary artery (PA) arises. Contrast medium passes backward through a defect in the trabecular septum (VSD) into an outlet chamber. 

b, lateral view of contrast medium injected into the outlet chamber (OC). This relatively large rudimentary chamber gives rise to the aorta (concordant 
' ventriculoarterial connections) and contrast medium is again seen to outline the trabecular septal defect (VSD). 
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Aortic arch: The aortic arch was left-sided in 14 
patients and right-sided in 4, all of whom had dextro- 
cardia (Table I). 

Associated anomalies: These were found in all 18 
patients (Table II): the most common were pulmonary 
outflow tract obstruction (12 patients) and persistent 
ductus arteriosus (7 patients). 


Clinical Findings 


Presentation and hemodynamics: In 12 patients 
(Cases 1 to 12) the clinical presentation was dominated 
by reduced pulmonary flow with right to left shunting. 
Ten patients (Cases 1 to 10) presented as ill neonates 
with marked cyanosis and a metabolic acidosis (pH less 
than 7.2). With the patient breathing 100 percent oxy- 
gen the partial pressure of arterial oxygen (PaO») was 
less than 40 mm Hg. At cardiac catheterization associ- 
ated pulmonary atresia was demonstrated in four pa- 
tients and severe pulmonary or subpulmonary stenosis, 
or both, in six. In seven patients an aortopulmonary 
anastomosis was performed (five Waterston and two 
Blalock-Taussig shunts): two of these patients died 
postoperatively. Three patients were moribund on ad- 
mission and died before surgery could be performed. 
'Two patients were cyanotic from birth and were studied 
between 6 months and 2 years of life, when pulmonary 
stenosis was demonstrated and a Blalock-Taussig 
anastomosis was uneventfully performed in each. 

Four patients presented between 1 and 2 months of 
age with minimal cyanosis, but with severe congestive 
heart failure with tachypnea, tachycardia and hepa- 
tomegaly (Cases 13 to 16). At cardiac catheterization a 
pulmonary arterial pressure near or equal to systemic 
pressure was found with equal levels of oxygen satura- 
tion in the pulmonary artery and aorta, indicating a 
common mixing situation. Of these four patients the left 
A-V connection was absent in two, the right connection 
was absent in one and double inlet through a common 
A-V valve was present in the other. In one of the two 
patients with absent left A-V connection, the interatrial 
septum was intact. In the other a patent foramen ovale 
was present but limiting. Thus, both patients had pul- 
monary venous hypertension and required atrial sep- 
tectomy in addition to pulmonary arterial banding. 

Two patients presented as mildly cyanotic neonates, 
with no evidence of congestive heart failure (Cases 17 
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FIGURE 6. Diagram indicating the relation of the aortic (outer circles) 
to the pulmonary valve (PA) (central circle) in the 14 patients with a 
univentricular heart of right ventricular type in which both great arteries 
were present. Ant. = anterior; Post. = posterior. — 
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FIGURE 5. Lateral view of angiogram taken in the main chamber (MC) 
of a univentricular heart of right ventricular type with a rudimentary 
chamber (RC) of left ventricular type. The ventriculoarterial connection 
is single from the main chamber (single outlet heart). Pulmonary atresia 
is present, the pulmonary arteries filling through a ductus arteriosus. 


and 18). At cardiac catheterization bidirectional 
shunting was detected with similar aortic and pulmo- 
nary arterial oxygen saturation levels. Both patients had 
normal pulmonary arterial pressure as a result of 
moderate pulmonary stenosis. 

Electrocardiogram: Surface scalar electrocardio- 
grams were available for analysis in 17 patients; 16 of 
these patients had normal sinus rhythm with a normal 
P-R interval (0.12 to 0.16 s) and 1 had coronary sinus 
rhythm (Case 4). A superiorly oriented mean frontal 
QRS axis was present in 11 of the 17 patients (Fig. 7). 

In all 11 patients with levocardia a dominant R wave 
in leads V4R and V, and a dominant S wave in lead Vg 
were present (Fig. 7). Five of the six patients with dex- 
trocardia had a dominant R wave in lead V; and a 
dominant S wave in lead V&R. One patient (Case 3) had 
a dominant R wave in all of the chest leads. In 7 of the 


TABLE Il 
Associated Anomalies in 18 Cases 


Patients 
(n) 


Anomalous systemic venous drainage 
Anomalous pulmonary venous drainage 
Left juxtaposition of atrial appendages 
Pulmonary stenosis 

Pulmonary atresia 

Pulmonary branch stenosis 

Single origin of coronary artery 
Coarctation of aorta 

Patent ductus arteriosus 
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FIGURE 7. Electrocardiogram from a patient with a univentricular heart 
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. of right ventricular type whose chest radiograph confirmed situs solitus 


and levocardia. There is a superior mean frontal QRS axis of — 110? 
with a pattern of right ventricular dominance (dominant R wave in lead 
V4 with a dominant S wave in lead Vg). 


11 patients with levocardia, Q waves were present in the 
right chest leads; Q waves were left-sided in 1 and not 
discernible in 3. In the six patients with dextrocardia 
Q waves were present in leads V; and V2 in two patients 
and in lead V4R in two; in the other two patients no Q 
waves were seen. 


Discussion 


Incidence of univentricular heart of right ven- 
tricular type: Quero-Jimenez et al.? in 1973 presented 
an angiogram of a heart they would now term univen- 
tricular heart of right ventricular type with a posterior 
pouch with a left ventricular trabecular pattern,? but 
they then called the posterior pouch a left ventricle. In 
a recent anatomic study’ of 17 examples of univentric- 
ular heart of right ventricular type, only one case had 
been diagnosed angiographically during the patient's 
life, and in the cases reported by Wilkinson et al.? only 


.a minority had been diagnosed on angiography. How- 


ever, after the anatomy of double inlet to a chamber of 
right ventricular shape in the presence of a second ru- 
dimentary chamber had been highlighted, Soto et al.5 
identified an extensive series on angiography. Thus, the 


. anomaly, rather than being extremely rare, may not 


have been recognized in life. Therefore, we reviewed the 
clinical and angiographic data of all cases at the 
Brompton Hospital coded as univentricular hearts (or 
single ventricle). Nearly 10 percent of these hearts 
proved to be of the right ventricular type. Our study 


: showed that, as expected, this anomaly can exist with 


all forms of atrial situs and with a variety of ventricu- 
loarterial connections. More significantly, we found all 
the categories of A-V connection observed in univen- 


. tricular hearts of left ventricular type"—namely, double 


inlet and absent right and absent left A-V connec- 
tion—in our series of hearts in which a main chamber 


_ of right ventricular type received the A-V connection 


and a rudimentary chamber of left ventricular type 


- lacked an A-V connection. 
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Ventricular morphologic features on angiogra- 
phy: In all cases the rudimentary chamber, whether 
trabecular pouch or outlet chamber, was posterior to the 
main chamber and the trabecular septum extended to 
the crux of the heart. This was significant because it was- 
not always possible to distinguish on angiography the 
morphologic features of the ventricle on the basis of 
trabecular pattern alone. Thus, although the rudi- 
mentary chamber was always smooth-wallec, on occa- 
sions the main chamber was equally smooth during 
diastole. We considered the posterior position of the 
rudimentary chamber important because our autopsy 
studies^? had shown that a posterior rudimentary 
chamber was a feature of univentricular hearts of right 
ventricular type. It was also significant that this pos- 
terior rudimentary chamber was sometimes to the right 
and sometimes to the left. The relation of the aorta to 
the pulmonary artery was even more variable than that 
of the rudimentary chamber to the main. chamber. 
Thus, examples were found in which the aorta was di- 
rectly anterior, directly posterior, side by side, to the 
right or to the left (Fig. 6). Consequently, we find it 
necessary to describe spatial relations of the vessels or 
chambers using both right-left and anteroposterior 
coordinates. 

In the majority of patients the rudimentary chamber 
was extremely small and might well have been missed 
during review of angiograms unless specifically searched 
for (Fig. 2b). Because we failed to recognize the signif- 
icance of such structures when we first viewed the an- 
giograms, we believe it reasonable to suggest that other 
workers could similarly have not appreciated the sig- 
nificance and nature of this chamber and hence have 
failed to diagnose the anomaly correctly. Indeed, this 
may be why the anomaly has not previously been well 
documented in life. An alternative explanation is that 
the anomaly has been recognized, but has been called 
something else. In our two cases of hearts with absent 
left connection this is certainly the situation because 
others have termed such hearts “mitral atresia with 
normal aortic root.” 6 However, in the remaining 16 
cases we do not believe that this is so. We are unaware 


of any examples reported angiographically of “tricuspid 


atresia” (absent right atrioventricular connection) with 
main chamber of the right ventricular type and a second | 
rudimentary left ventricular chamber. Similarly, the 
classic form of “single right ventricle” has only a right 
ventricular chamber! and is exceedingly rare, whereas 
both we and Soto et al.» have identified a series of hearts 
with double inlet to a right ventricular chamber in the 
presence of a left ventricular chamber that has no A-V 
connection. Certainly we are unaware of such hearts 
having an alternative appellation. 

With respect to the one heart in our series with ab- 
sent left connection that had a left ventricular outlet 
chamber, it should be noted that, because of the size 
(Fig. 4b) and shape (Fig. 3) of this chamber, investiga- 
tors may consider it a ventricle rather than a rudimen- 
tary chamber. However, our criterion for defining a 
ventricle or a rudimentary chamber in a heart with valve 
atresia is based on the presence or absence of an im- 
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perforate valve between the left atrium and left ven- 
tricle. The determination of whether this left ventricular 
chamber has an A-V connection can easily be made at 
surgery or postmortem examination, and in this way 
further distinction can be made between (1) situs sol- 
itus, concordant A-V connections and concordant 
ventriculoarterial (V-A) connections with imperforate 
mitral valve, and (2) situs solitus, absent left A-V con- 
nection and concordant V-A connections in a univen- 
tricular heart of right ventricular type with a posterior 
outlet chamber with a left ventricular trabecular pattern 
(Fig. 3 and 4). More important, as Macartney et al.!! 
showed, an imperforate valve can be distinguished from 
an absent connection with angiography; therefore we 
believe that the biventricular variety can also be dis- 
tinguished from univentricular forms of “mitral atresia 
with normal aortic root" in some patients during life. 
Clinical recognition of the anomaly: Even though 
the anatomic characteristics of univentrieular hearts of 
the right ventricular type are known, clinical recognition 
before cardiac catheterization is difficult. As with the 
majority of patients with cyanotic congenital heart 
disease, symptoms are nonspecific and are dominated 
by a decrease or increase in pulmonary blood flow or, 
rarely, by pulmonary venous obstruction. A large pro- 
portion of patients manifest dextrocardia or abnormal 
atrial situs, or both, on chest X-ray film, and the elec- 
trocardiogram shows right ventricular dominance, often 
with a superior mean frontal QRS axis. None of these 
features are specific for the anomaly, but if they are 


ed wad ‘St Vora 


UNIVENTRICULAR HEART—SHINEBOURNE ET AL. - 1 


considered in conjunction with an echocardiogram 
showing absence of the inlet part of the interventricular 
septum, the diagnosis is probable. Angiograms should 
be taken in a projection that identifies a rudimentary 
left ventricular chamber, if present.? The presence of 
a superior mean frontal QRS axis could reflect early 
depolarization of the basal part and late depolarization 
of the anterolateral part of the main chamber. This 
suggestion is supported by the posteriorly placed A-V 
node and conduction tissue in such hearts.? This “reg- 
ular" position of the conduction tissue is also significant 
should surgery be attempted in patients with double © 
inlet ventricle. More usually in hearts with double inlet 
ventricle, the conduction system arises from an anom- _ 
alous anterior A-V node.!? f 
Implications: In conclusion, we have shown that 
among univentricular hearts, those of right ventricular 
type are not uncommon and this anomaly should be 


strongly suspected when the electrocardiogram shows | 


the pattern of right ventricular hypertrophy. Such 
hearts with a morphologic configuration of right ven- 


tricular type may have a double inlet ventricle or ab- 4 


sence of the right or left A-V connection. 
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. Hlectrophysiologic Characteristics of Sustained Ventricular 
. Tachycardia Occurring After Repair of Tetralogy of Fallot 
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LEONARD N. HOROWITZ, MD, FACC* The electrophysiologic characteristics of sustained ventricular tachycardia 
VICTORIA L. VETTER, MD occurring after total repair of tetralogy of Fallot are reported. Four patients, 
_ ALDEN H. HARKEN, MD, FACC 8 to 31 years of age, who had spontaneous episodes of sustained ven- 
. MARK E. JOSEPHSON, MD, FACCT tricular tachycardia underwent electrophysiologic study to determine the 


mechanism and site of origin of the tachycardia. In each patient, the 
tachycardia could be reproducibly initiated and terminated by pro- 
grammed electrical stimulation. In two patients, initiation and maintenance 


of the tachycardia depended on the development and perpetuation of 
continuous elecirical activity in the right ventricular outflow tract. These 
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observations suggested a reentrant mechanism. In each patient, catheter 
endocardial mapping demonstrated the site of origin to be the right ven- 
tricular outflow tract. In two patients intraoperative mapping showed the 
reentrant circuit originating at the site of healed right ventriculotomy site. 
We conclude that sustained ventricular tachycardia after repair of te- 
tralogy of Fallot in our patients was caused by reentry at the site of the 
previous operation in the right ventricular outflow tract. 


b 
d : i i 
1 Because of recent advances in surgical techniques and postoperative care, 
E the number of patients surviving correction of congenital heart defects 
E is becoming significant and the long-term sequelae of these repairs are 
1 | assuming greater importance. Long-term electrophysiologic conse- 
. From the Cardiovascular Section, Departmentof | quences of repair of tetralogy of Fallot include atrioventricular (A-V) 
E Medicine, Cardiology Division, Department of and intraventricular conduction defects, ventricular arrhythmias and 
E conn and Division of Cardiothoracic Surgery, © sudden death.1-5 Although many studies of the A-V conduction distur- 
Ü partment of Surgery of the University of Penn- A : ; 
- sylvania School of Medicine and the Clinical bances and the electrocardiographic pattern of right bundle branch block 
f Cardiac Electrophysiologic Laboratory of the that follow repair of tetralogy of Fallot have clarified the origin and site 
. Hospital of the University of Pennsylvania and the of block,9-?9 few data are available on the genesis of ventricular ar- 
; Cardiac Catheterization Laboratory of the Chil- 
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rhythmias in these patients. In the present study we present data re- 
garding the mechanism and site of origin of sustained ventricular 
grants from the American Heart Association, tachycardia after complete repair of tetralogy of Fallot. 


Methods 


Patients: Four patients in whom spontaneous recurrent sustained ventricular 
tachycardia (from 3 to more than 150 episodes) developed after repair of tetralogy 
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stenosis for which a commissurotomy was performed; this patient also required 
an outflow tract patch. In the remaining patients the ventriculotomy was closed . 
directly. Postoperatively, frequent premature ventricular depolarizations were 


trophysiology Laboratory, 668 White Building, documented in three patients 2 to 12 years before the initial episode of sustained 
3400 Spruce ‘Street, Philadelphia, Pennsylvania ventricular tachycardia. No patient had heart block in the postoperative pe- 
19104. riod. 
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None of these patients had symptoms suggestive of a re- 
sidual hemodynamically significant lesion, and postoperative 
angiographic and hemodynamic catheterization confirmed 
good surgical results. In all four patients minimal right ven- 
tricular hypokinesia was present and right atrial and ven- 
tricular pressures were normal. 

Electrophysiologic study: At the time of the study, the 
patients were receiving no cardioactive medications and all 
hemodynamic variables were stable. There were no electrolyte 
abnormalities at the time of study. Patient 1 was sedated with 
meperidine (4 mg/kg) and morphine sulfate (0.15 mg/kg) and 
the other patients were mildly sedated with diazepam. Elec- 
trode catheters were inserted percutaneously through the 
femoral and antecubital veins and femoral artery and posi- 


tioned in the heart under fluoroscopic guidance. Quadripolar | 


electrode catheters (USCI) with an interelectrode distance 
of 10 mm were used for recording (proximal pair) and stimu- 
lation (distal pair) at the same site. Electrocardiographic 
signals (0.1 to 100 hertz) and bipolar intracardiac electrograms 
(40 to 500 hertz) were recorded on a multichannel oscillo- 
graphic recorder (Electronics for Medicine VR-16) and an 
inkjet recorder (Mingograf 802) and stored on magnetic tape 
(Honeywell 5600 C). Data were later retrieved on photographic 
paper at speeds of 100 to 250 mm/s. 

The programmed stimulation protocol included: (1) The 
introduction of single and double premature ventricular ex- 
trastimuli during normal sinus rhythm and at least two paced 
cycle lengths (four patients); (2) rapid ventricular pacing at 
cycle lengths of 600 to 250 ms for 15 to 60 seconds (four pa- 
tients); (3) the introduction of single and double premature 
ventricular extrastimuli (three patients) and rapid ventricular 
pacing (four patients) during ventricular tachycardia; (4) 
catheter endocardial ventricular mapping during ventricular 
tachycardia (four patients)?"22; and (5) serial studies to assess 
the effects of antiarrhythmic drugs on the initiation of ven- 
tricular tachycardia, as previously described.???4 Pacing was 
performed at the right ventricular apex and right ventricular 
outflow tract in all patients. The stimuli were 1 ms rectangular 
pulses delivered at twice diastolic threshold (2 mA or less) 
from a specially designed programmable stimulator with op- 
tically isolated constant current sources (Bloom Associates, 
Ltd.). Leakage current with this system is 4 to 6 uA. 

Therapy: In two patients (Cases 2 and 4) no pharmacologic 
regimen (including all standard antiarrhythmic agents and 
certain experimental agents) or pacing regimen prevented 
recurrent spontaneous episodes of ventricular tachycardia. 
In these patients surgery guided by intraoperative epicardial 
and endocardial mapping was performed by previously de- 
scribed techniques?9:25-77 to resect the site of origin of the 
tachycardia and to prevent subsequent episodes. 


Results 


Findings during normal sinus rhythm: Electro- 
physiologic data obtained during normal sinus rhythm 
under basal conditions revealed several abnormalities 
of conduction. Right bundle branch block without left 
axis was present in each patient. In two patients the 
right ventricular apical electrogram occurred more than 
50 ms after the onset of the QRS complex, suggesting 
that the right bundle branch block was proximal, 
whereas in the other patients this electrogram occurred 
less than 30 ms after the onset of the QRS complex, a 
finding consistent with intact proximal right bundle 
branch conduction and terminal delay in the right 
ventricular specialized conduction system. In each pa- 
tient, basal A-H and H-V intervals were normal, the 
A-H intervals ranging from 55 to 88 ms and the H-V 
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intervals from 41 to 55 ms. The responses of the A-V 
node and His-Purkinje system to atrial pacing and 
premature stimulation were normal in all patients. 

Electrograms recorded in the right ventricular out- 
flow tract were fragmented, of low amplitude and ex- 
ceeded 100 ms in duration in each patient (Fig. 1). In 
each patient, this electrogram ended after the comple- 
tion of recording of the surface QRS complex. Electro- 
grams recorded at other right ventricular sites and all 
sites in the left ventricle showed normal configuration 
and amplitude (Fig. 1). Determinations of refractory 
periods at both the apex and outflow tract of the right 
ventricle were normal. 

Initiation of ventricular tachycardia: In each 
patient, ventricular tachycardia in which QRS mor- 
phologic configuration and cycle length were similar to 
those of the spontaneous arrhythmia was reproducibly 
initiated by programmed stimuli delivered to the right 
ventricular apex (three patients) or right ventricular 
outflow tract (one patient) (Fig. 2, Table I). The cycle 
lengths of the tachycardias ranged from 200 to 380 ms. 
In Patient 2, two morphologically distinct tachycardias 
were initiated, both of which had been documented 
clinically. 


FIGURE 1. Patient 1. Analog records made during normal sinus rhythm 
after repair of tetralogy of Fallot. Electrocardiographic leads | (1), Il (2) 
and V 4 are shown with intracardiac electrograms recorded at the high 
right atrium (HRA), His bundle area (HBE), right ventricular anterior wall 
(RVAW), left ventricular apex (LVA), right ventricular apex (RVA) and 
right ventricular outflow tract (RVOT), with time lines (T) of 10 ms. Right 
bundle branch block with normal QRS axis was present with normal 
A-H and H-V intervals. The RVA electrogram occurred early in the QRS 
complex, suggesting peripheral right bundle branch block. Note that 
the right ventricular outflow tract electrogram is fragmented and 118 
ms in duration and extends beyond the end of the surface electrocar- 
diographic recordings. 
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FIGURE 2. Patient 2. Initiation of ventricular tachycardia with the development of continuous electrical activity. Electrocardiographic leads ! (1), 
Il (2) and V, are shown with intracardiac electrograms recorded in the distal (RVOT) and proximal (RVOT,) right ventricular outflow tract and right — 
ventricular apex (RVA), with 10 ms time lines (T). A single ventricular extrastimulus was introduced after the eighth paced complex (second complex 
from the left) and ventricular tachycardia was initiated. A fragmented electrogram was present in the distal right ventricular outflow tract during 
pacing and this electrical activity spanned diastole between the extrastimulus and the first complex of the tachycardia. This continuous activity 
persisted during ventricular tachycardia. A discrete electrogram was recorded during ventricular tachycardia at the proximal right ventricular outflow 


tract, 2 cm from the distal tract. 


In two patients, premature ventricular stimulation 
produced progressive fragmentation and delay in the 
right ventricular outflow tract electrogram. When a 
critical degree of delay occurred, continuous electrical 
activity developed and ventricular tachycardia ensued 
(Fig. 2). Initiation and maintenance of ventricular 
tachycardia were dependent on the presence of this 
continuous electrical activity. 

Termination of ventricular tachycardia: In each 
patient, ventricular tachycardia was reproducibly ter- 
minated by programmed stimulation. In Patient 1, the 
tachycardia was terminated by rapid ventricular pacing 
or cardioversion during control studies, when the 
tachycardia cycle length was too short to allow attempts 
at termination with premature stimuli. Subsequently, 
when the cycle length was longer, during administration 
of procainamide, ventricular tachycardia was termi- 
nated by single or double premature stimuli. In Patients 
2 and 4 the tachycardia was reproducibly terminated 
by double premature stimuli. In these patients, termi- 
nation of the tachycardia was always associated with 
termination of the continuous electrical activity (Fig. 
3). In Patient 3, the tachycardia was terminated by 


TABLE | 
Electrophysiologic Data During Ventricular Tachycardia 


cardioversion during the control study because of hy- 
potension and syncope. In subsequent studies, ven- 
tricular tachycardia was slower and could be terminated 
by double premature stimuli. 

Electrocardiographic characteristics of ven- 
tricular tachycardia: In Patients 1, 3 and 4, ventric- 
ular tachycardia had a left bundle branch block con- 
figuration (Table I). In Patient 2, two morphologically 
distinct QRS deflections had been documented during 
spontaneous episodes of ventricular tachycardia. In this 
patient, both forms had a left bundle branch block 
pattern, one with a right axis and the other with a 
marked left axis. The left axis configuration was the 
more commonly observed ventricular tachycardia 
clinically; however, electrocardiographic recordings at 
the time of initiation either spontaneously or by pro- 
grammed stimulation revealed the right axis configu- 
ration to be most common. The latter configuration 
spontaneously changed to the left axis pattern after 
seconds to minutes. 

Endocardial mapping: In each patient, the site of 
earliest ventricular activation during ventricular 
tachycardia was the right ventricular outflow tract. In 
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Morphology 
of ORS Cycle Length 
Case Axis (ms) 
1 LBBB/0? 200 
2 LBBB/-- 150? 360 
LBBB/—30? 380 
3 LBBB/+60° 210 
4 LBBB/—45? 240 


Mode of Mode of Site of 

Initiation Termination Origin 
S4S584 DCC, S;S2S3 RVOT 
S452, RVP S4S585, RVP RVOT 
S485, RVP S1S28S3, RVP RVOT 
S41S584 DCC, S4,S5S5, RVP RVOT 
S41S285 . 848283 RVOT 


DCC = direct current cardioversion; LBBB = left bundle branch block; RVOT = right ventricular outflow tract; RVP = rapid ventricular pacing; 


.S4S2 = single premature extrastimulation; S;S2S3 = double premature extrastimulation. 
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FIGURE 3. Patient 2. Termination of 
ventricular tachycardia (VT) by 
programmed electrical stimulation. 
Electrocardiographic lead II (2) is 2 
shown with intracardiac electro- 
grams recorded at the A-V junction 
(AVJ), right ventricular apex (RVA), 


distal (RVOTy) and proximal AV/ 
(RVOT,) right ventricular outflow 
tract and right ventricular anterior 
wall (RVAW), with time lines (T). RVA 
Ventricular tachycardia was present 
with continuous electrical activity in ARVOT 
the recording from the distal right 
ventricular outflow tract. Two ex- RVOT. 


trastimuli were introduced at the P 
right ventricular apex (broad ar- 
rows) and both ventricular tachy- 
cardia and continuous electrical 
activity were terminated. NSR — 
normal sinus rhythm. 


Patients 1 and 3 the earliest recorded electrogram was 
discrete and occurred before the onset of the QRS 
complex (Fig. 4). Activation of the remainder of the 
right ventricle followed activity in the right ventricular 
outflow tract. Activation occurred in a base to apex di- 
rection, reaching the mid right ventricular septum be- 
fore the apex and inflow tract. Earliest left ventricular 
activation occurred on the left septal surface beneath 
the aortic valve. Activation spread from that site to the 
remainder of the left ventricle. 

In Patients 2 and 4, earliest activation also occurred 
at the right ventricular outflow tract. Continuous 
electrical activity was recorded in the distal right ven- 
tricular outflow tract during ventricular tachycardia in 
each QRS configuration mapped (two patterns were 
recorded in Patient 2, one pattern in Patient 4). In the 
mid right ventricular outflow tract, a discrete electro- 
gram was recorded before the onset of the QRS complex 
(Fig. 5). However, in Patient 2, ventricular activation 
patterns of the remainder of the right and the left ven- 
tricle were distinctly different during the mapping of 
the two configurations. 

Effects of antiarrhythmic drugs on initiation of 
ventricular tachycardia: In Patients 1 and 3 ven- 
tricular tachycardia could not be initiated by pro- 
grammed stimulation after administration of procain- 
amide (Patient 1) or three different drugs (Patient 3). 
Although delayed activation in the right ventricular 
outflow tract persisted after drug administration right 
ventricular refractory periods were increased 30 to 50 
ms and sustained reentry could not be initiated by 
programmed stimulation. These patients have not had 
recurrent episodes of ventricular tachycardia while 
taking procainamide (Patient 1) or disopyramide (Pa- 
tient 3) during a follow-up period of 6 and 18 months, 
respectively. 

In Patients 2 and 4 ventricular tachycardia could be 
initiated after administration of all standard antiar- 
rhythmic agents or the patients could not tolerate 
long-term therapy with one or more of these drugs be- 
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FIGURE 4. Patient 1. Endocardial mapping during ventricular tachy- 
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cardia. Electrocardiographic leads | (1), II (2) and V; are shown with — 


intracardiac electrograms recorded in the right ventricular apex (RVA), 


right ventricular anterior wall (RVAW), right ventricular mid septum 
(RVMS), left ventricular septum (LVS), left ventricular apex (LVA) and 
distal (RVOT,) and proximal (RVOT,) right ventricular outflow tract, with 
10 ms time lines (T). The dotted vertical line indicates the onset of the 
QRS complex and the numbers indicate activation times in milliseconds 
measured from the dotted line to electrograms at those sites. Note that 
earliest ventricular activation occurred at the distal right ventricular 
outflow tract 18 ms before the onset of the QRS complex. The activation 
wave front spread from that site to the remainder of the right ventricle 
and crossed the interventricular septum to begin left ventricular acti- 
vation at the left ventricular septum 52 ms after the onset of the QRS 
complex. ) 


449 


— a 


AEN MEE | Er ae t hati 


cause of side effects. These patients therefore consented 
to undergo surgery for ablation of the site of origin of the 
tachycardia. 
Intraoperative mapping: Right ventricular and 
. limited left ventricular epicardial activation mapping 
in Patients 2 and 4 revealed earliest activity in the right 
ventricular outflow tract (Fig. 6). In Patient 2 electro- 
grams were recorded along the margins of the ventri- 
. culotomy scar throughout the cardiac cycle, suggesting 
that the scar or a portion of the scar formed an anatomic 
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.. FIGURE 5. Patient 2. Endocardial mapping during ventricular tachycardia 
of two different QRS patterns. In both top and bottom panels electro- 

, cardiographic leads | (1), aVF and V4 are shown with electrograms 
recorded at the right ventricular inflow tract (RVIT), distal (RVOT,) and 

. proximal (RVOT,) right ventricular outflow tract, right ventricular apex 
(RVA) and left ventricular mid septum (LVS), with 10 ms time lines (T). 
The dotted line indicates the onset cf the QRS complex and the num- 
bers indicate activation times at those sites. Top, continuous electrical 
activity was present in the distal right ventricular outflow tract, thus 

_ defining the site of the reentrant pathway. Two centimeters away at the 
proximal outflow tract, the electrogram had two discrete components. 
Activation of the right ventricular inflow tract and apex occurred later. 
Bottom, continuous electrical activity was also present in the distal 
outflow tract. In this morphologic configuration the earliest discrete 


electrogram occurred at the proximal outflow tract and both the right. 


ventricular inflow tract and apex were activated earlier than in the 
pattern shown in the top panel. 
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barrier around which the reentrant wave front circu- 
lated. Activation mapping of the endocardial surface of 
the right ventricular outflow tract showed activation 
times similar to those of the corresponding epicardial 
sites. In Patient 4 the tachycardia appeared to originate 
from a discrete area at the superior medial border of the 
previous ventriculotomy. 


Discussion 


The incidence of sudden death as a late sequela 
ranges between 0.3 and 3 percent in several large series 
of patients who had undergone definitive repair of te- 
tralogy of Fallot.*1?-15 Sudden death has usually been 
associated with the presence of spontaneous premature 
ventricular depolarizations or postoperative A-V con- 
duction disturbances. The mechanism of sudden death, 
however, has not been defined. 

In this study we report detailed electrophysiologic 
data obtained in four patients who manifested sustained 
ventricular tachycardia after repair of tetralogy of 
Fallot. In each of our patients the characteristics of the 
ventricular tachycardia fulfilled the generally accepted 
criteria used to define a reentrant arrhythmia.2.28 The 
tachycardias were reproducibly initiated and termi- 
nated by programmed stimulation and in two patients 
continuous electrical activity was recorded at the site 
of origin of the tachycardia immediately before initia- 
tion and during the tachycardia. We presume that this 
continuous electrical activity represents activity within 
the reentrant circuit.?8 

Role of ventricular dysfunction: An association 
between ventricular arrhythmias and ventricular dys- 
function has been recognized as a significant risk factor 
for sudden death in patients with coronary artery dis- 
ease and previous myocardial infarction.29°° Similarly, 
it has been suggested that patients who die suddenly 
after repair of tetralogy of Fallot are those who have 
residual lesions and that the combination of rapid 
ventricular tachycardia and postoperative cardiac 
malfunction may cause sudden death rather than re- 
current palpitations or syncope.?! The fact that residual 
cardiac abnormalities in our patients were insignificant 
may explain our patients’ presentations with palpita- 
tions and syncope rather than cardiac arrest. 

Role of ventriculotomy and scarring: Ventricul- 
otomy, myocardial resection and subsequent scarring 
may provide the electrophysiologic milieu of slow con- 
duction and block that prediposes toward the devel- 
opment of reentrant arrhythmias. Slow activation was 


documented in electrograms recorded in the right 


ventricular outflow tract during normal sinus rhythm 
in our patients. Previous studies have shown that the 
ventriculotomy produces a discrete anatomic obstacle 
and local conduction block in the right ventricular 
outflow tract.'7-!9 In our patients, ventricular tachy- 
cardia originated at the healed ventriculotomy site in 
the right ventricular outflow tract. Furthermore, acti- 
vation data obtained during the intraoperative studies 
support the hypothesis that the ventriculotomy scar 
may provide an anatomic barrier about which a reen- 
trant wave front can circulate. Although ventriculotomy 
and myocardial resection have the potential for pro- 
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FIGURE 6. Patient 2. Intraoperative mapping data during ventricular tachycardia. Upper left, anterior view of the heart is represented schematically 
showing activation times from selected sites on the anterior surface of the right and left ventricles with 20 ms isochronic lines. The vertical line 
represents the right ventriculotomy scar. Lower left, the heart is a key for the recording sites shown on the right. Right, electrocardiographic leads 
I (1), aVF and VsR are shown with electrograms recorded at the right ventricular anterior wall (RV), and sites 1 through 6 (indicated at the left) with 
time lines. The dotted line indicates the onset of the QRS complex. All time interval measurements are expressed as milliseconds after the onset 
of the QRS complex. Note that discrete electrograms occur throughout the cardiac cycle and appear to form a circuit through sites 1, 2, 3, 4 and 
5. The two discrete electrograms recorded at sites 3 and 5 probably reflect irregularity in the course of the reentrant pathway, causing it to pass 
close to these sites twice during each circuit. Activation probably proceeds from site 2 to 3 (first electrogram), to site 3 (second electrogram), to 
site 4 to 5 (first electrogram) to site 6 and completes the circuit between 1 and 5 (second electrogram). The wave front of the reentrant pathways 
circles the ventriculotomy scar and each portion of the R-R interval is accounted for by discrete electrograms. A transverse ventriculotomy through 


sites 1 and 5 terminated the tachycardia. 


ducing a milieu conducive for ventricular tachycardia 
in all patients after repair of tetralogy of Fallot, this 
complication appears to be uncommon. The explanation 
for the development of arrhythmia in only certain pa- 
tients is not clear and our data do not allow speculation 
" because other patients without ventricular tachycardia 
were not studied. However, a similar situation occurs 
in patients with ventricular aneurysm; that is, some 
patients have ventricular arrhythmias and others do not 
and no distinguishing characteristics between the two 
groups can be found. 
-= Therapeutic implications: Our data have potential 
clinical relevance in the management of patients after 
repair of tetralogy of Fallot. It has been suggested that 
patients who have ventricular ectopic rhythm or ap- 
parent bifasicular or trifasicular block after surgical 
correction of tetralogy of Fallot merit close follow-up 
and evaluation with Holter monitoring and exercise 
testing.'415 As can be done in patients with chronic 
ischemic heart disease, electrophysiologic study in pa- 
tients after repair of tetralogy of Fallot may define those 
at risk of developing sustained ventricular arrhyth- 
mia.?53233 Furthermore, objective measures for the 
selection of antiarrhythmic therapy for the ventricular 


arrhythmia can be made by serial electrophysiologic- 
pharmacologic testing, as is now frequently performed 
in patients with recurrent sustained ventricular 
tachycardia caused by coronary artery disease.??:2434 
Thus, as has been advocated for patients with A-V 
conduction disturbances after repair of tetralogy of 
Fallot,!235 we suggest that these studies be performed 
in patients at high risk of sudden death, those with A-V 
conduction disturbances, frequent and severe ventric- 
ular arrhythmia or documented recurrent ventricular 
tachycardia. Furthermore, these studies can be used to 
develop better therapeutic programs for patients with 
these ventricular arrhythmias. 
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Who Wants I he Ultimate 


In Ultrasound Controls. 


Toshiba's high speed SSH- 
10A ultrasound electronic 
sector scanner produces an 
ultra fine diagnostic image. 

Over 16 different 
parameters can be modified 
by the cardiologist to 
maximize image quality in 
relation to specific patient 
characteristics. 

Valve movement, 
chamber size and details of 
the internal structure of the 
heart can all be clearly 
observed, measured and 
diagnosed. Wide range 
sector angle is a full 78°. 

A clear real time, cross 
sectional B mode image of 
the heart structure is 
obtained by simply 
positioning the probe on the 
chest wall. 

Displayed on the C.R.T. 
with the B mode image are 
nonfade ECG and patient 
I.D. Two angles of the M 
mode image can also be 
displayed simultaneously on 
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a second C.R.T. and/or a 
strip recorder. 

Two UCG traces, M mode 
tracing and Kymograph 
studies are additional 
capabilities. 

In short, the SSH-10A 
gives you the maximum 
ultrasound information from 
one mobile unit. So get full 
information on it now. 
Contact your local Toshiba 
representative. 





Toshiba Medical Systems, 

UE 1154 Dominguez, 

Carson, CA 90745 

SSH-10A Features: 

e Complete Mobility 

e Superior Resolution of 
Electronic Sector Scanning 

e Dual M Mode 

e 4 Channels of Physiological 
Monitoring 

e Real Time B Mode Cross 
Sectional Image with ECG 
and Patient I.D. 

e Flexibility for All General 

Pediatric and Adult 

Applications 









Left: 
Dual channel 
M mode 
showing 
simultaneously 
aorta and 
mitral 
function. 
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potassium chloride 
slow-release tablets 8 mEq 


When compliance with liquid K supplements is a problem* 


The textbook 
treatment 


A patient doesn’t have 
to be a gourmet to reject the 
bad taste of liquid potas- 
sium. The problem—and 
the way to avoid it with 
Slow-K—is precisely de- 
fined by a leading cardiol- 
ogy textbook: 

“All liquid potassium 
preparations are associated 
with some incidence of un- 
pleasant side effects such as unpalat- 
ability, nausea, vomiting, abdominal 
cramps, and occasionally diarrhea."! 

However, Slow-K "...appears to 
have greater patient Bicis bility than 
comparable doses of liquid potassium 
chloride compounds."! 


Less GI disturbance 
than liquid K 


One comparative study found that 


Slow-K caused less nausea, heartburn, 
and diarrhea than liquid KCl prepara- 
tions.? 
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Low cost 


The cost of a day’s 
therapy with Slow-K is 
minimal. And with its ex- 
cellent record of efficacy, 
safety, and patient accept- 
ability, Slow-K is number 
one at any price. 


*Slow-release potassium chloride tablets 
should be reserved for patients who 
cannot tolerate, refuse to take, or have 
compliance problems with liquid K prepa- 
rations because of reports of GI ulceration 
and bleeding with slow-release KCI tablets 
(total number of GI lesions in both foreign 
countries and the United States remains 

less than one per 100,000 patient-years). The incidence 
of lesions with enteric-coated KCI tablets is 40-50 per 
100,000 patient-years. 
References 
1. Gunnells JC, Orgain ES, McGuffin WL. Treatment of 
systemic hypertension, in The Heart (ed. 4), Hurst JW, Logue 
RB, Schlant RC, Wenger NK (Eds.), New York, McGraw-Hill 
Book Company, 1978, p 1439. 

2. Tarpley EL. Controlled-release potassium supplementation. 
Curr Ther Res 1974 (July); 16(7):734-741. 

3. Data on file, CIBA Pharmaceutical Company. 


Please turn page-for brief prescribing information. 


Over 15 years 
of worldwide 
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"m TE a Cor Gem T TETUR TT TRY DIRE 'omised arrh 
|. potassium chloride slow-release tablets TETEN muera 
|. DESCRIPTION ear protection 


Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix to 
minimize the likelihood of producing nigh localized concentrations of potas- 
sium within the gastrointestinal tract, 
: INDICATIONS . | 
H BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
7 AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 





7 ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- CONT ; 
i TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- RAINDICATIONS: 
- FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM Aberrant impulses and abnormal 
-THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. rhythms due t han 
; ! o escape mechanisms 
1. For therapeutic use in patients with hypokalemia with or without metabolic should not be treated with quinidine 
Ardet in a og intoxication and in patients with hypokalemic familial Partial A-V or complete h q block p 
l periodic paralysis. | il j eart ; 
f 2. For prevention of potassium depletion when the dietary intake of potassium intraventricular conduction defects, 
—— A is inadequate in the following conditions: Patients receiving digitalis and especially those exhibiting a marked 
ee for SON heart ye pepas once tt ped eee grade of ORS widening 
^ aldosterone excess with normal renal function; potassium-losing nephropathy, wm. M 
and certain diarrheal states. Renal disease resul in significant 
L 3 The use of potassium salts in patients receiving diuretics for uncomplicated azotemia, or those develo cardio- 
be mpi d ne lig is often videa c ee aen Arena NU toxic effects such as cond n defects, 
£ ever, and, if hypokalemia occurs; dietary supplementation with potassium- 
containing lock may be adequate to control milder cases. In more severe tachycardia or flutter while on the drug. 
. cases supplementation with potassium salts may be indicated. Marked cardiac enlargement, particu- 
i Pa Herd replica ini since a further increase in serum potassium larly with congestive failure, r renal 
— In patients with hyper ia, urther | | u siu | 
" concentration ation patients Can produce cardiac arrest. Hyperkalemia may EMEN and especially rena! tubular 
"complicate any of the following conditions: chronic renal failure, systemic acidosis. 
É acidosis such as diabetic acidosis. acute dehydration, extensive tissue Idiosyncrasy or hypersensitivity to 
dl breakdown as in severe burns, adrenal insufficiency, or the administration o! a quinidine, 
| . peotassium-sparing diuretic (eg. spironolactone, triamterene). WARNINGS: 
L Wax-matrix potassium chloride preparations have produced esophageal ul- In the treatment 
| | : of atrial flutter, rever- 
ceration in certain cardiac patients with esophageal compression due to , 
i erlarged lett atrium. sion to sinus rhythm may be receded 
.. Al solid dosage forms of potassium supplements are contraindicated in any T a pepo. reduction in the d 
- A. patient in whom there is cause for arrest or delay in tablet passage through the A-V block to a 1:1 ratio resulting in an 
. t |. tract. In these instances, potassium supplementation should be with a extremely rapid ventricular rate. 
E EP" PRECAUTIONS: 
ye Hyperkalemia: In patients with impaired mechanisms for excreting potassium, The precautions to be observed include 
OMXupget- uper ots al nose applicable to quinidine, A pre 
| but may also occur when given orally, Potentially fatal hyperkalemia can reor pa gs Md a Ainge tablet of 
A develop rapidly and be asymptomatic Use of potassium salts in patients with q e sulfate should be adminis- 
| chronic renal disease, or any other condition which impairs potassium excre- tered to determine if the patient has an 
K tion, requires particularly careful monitoring of the serum potassium concen- Idiosyncrasy to quinidine. Hypersensi- 
r^ tration and appropriate dosage adjustment, tivity to quinidine although rare 
= interaction with Potassium-Sparing Diuretics: Hypokalemia should not be should constantl 'be dered f 
k treated by the concomitant administration of potassium salts and a potassium- cons cs 
t sparing Giuretic (eg, spironolactone or triamterene), since the simultaneous cially during the first weeks of therapy. 
m acministration of these agents can produce severe hyperkalemia Quinicine in large doses may reduce the 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic contractile force of the heart, therefore, 


and/or ulcerative lesions of the small bowel and deaths. These lesions are 


caused by a high localized concentration of potassium ion in the region of a extreme caution should be exercised in 








rapidly dissolving tablet, which injures the bowe! wall and thereby produces pa the origin patients with severe 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- heart disease, hypotension or digitalis 
E lated to provide a controlled rate of release of potassium chloride and thus to intoxication. The potential disadvan- 
E minimize the possibility of a high local concentration of potassium ion'near the d benefi be 
b bowel wall. While the reported frequency of small-bowel lesions is much less tages an ts must be weighed. 
~. with wax-matrix tablets (less than one per 100,000 patient- ears) than with It should be administered cautiously, 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient-years) if at all, to senile patients 
- . cases associated with wax-matrix tablets "ave been reported both in foreign H itali ti | ; | 
countries and in the United States. in addition. perhaps because the wax- ospitailzation for close clinical observa- 
= matrix preparations are not enteric-coated and release potassium in the tion, electrocardiographic monitoring, and 
|. . Stomach, there have been reports of upper gastrointestinal bleeding as- possibly plasma quinidine levels is indi- 
hes, sociai Mie s Jer ts d. dori of pde pt chr cated hon large doses are used or with 
-. remains less than one per patient-years. Slow-K should be discontin- 
. ued immediately and the possibility of bowel obstruction or perforation con- patients who present an increased risk. 
E pedir if severe vomiting, abdominal pain, distention, or gastrointestinal ADVERSE REACTIONS: 
k eeding occurs, 
- Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should EM C TER edi da in 
. A betreated with an alkalinizing potassium salt such as potassium bicarbonate, . sea, distu 
TOL elato, or potassium acetata. v et ^ in rere patients 
|. . Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in ' 8, A 
d a patient with a clinical history suggesting some cause for potassium dep!e- SS stl rook Rr e — "m 
- tion. In interpreting the serum potassium level, the physician should bear in p ventricular 
3 mind that acute alkalosis per se can produce hypokalemia in the absence o! a ectopic beats, idioventricular rhythms 
E deficit in total body potassium, while acute acidosis per se can Increase the including ventricular tachycardia and 
erum potassium concentration into the normal range even in the presence o card 
Li & reduced total body potassium. Treatment of POIRAI depietion, particu- Xie pepe Pm ine — la, 
= larly in presence of cardiac disease, renal disease, or acidosis, requires al embolism, hypotension. 
~ careful attention to acid-base balance and appropriate monitoring of serum Gastrointestinal: Nausea, vomiting, 
[A electrolytes, electrocardiogram, and clinical status of patient. abdominal pain, diarrhea, 
ADVERSE REACTIONS : Acu 
p Mest common to oral potassium salts: nausea, vomiting, abdominal discom- P AC: eae gt S ARD 
^ fort, and diarrhea, These symptoms are due to irritation of the gastrointestinal ypop * 
|. A tract and are best managed by diluting the preparation further, taking the dose ades purpura, ulocytosis. 
E ne pp or reducing the dose. ; Z : entral Nervous System: Headache, 
| ne of the most severe adverse effects is hyperkalemia (see Contraindica- ever, v i ension, tem 
K, tions and Warnings). There also have been reports of upper and lower pee Pal, ^t : p and on de s ams 
|. . gastrointestinal conditions including obstruction, bleeding, ulceration and turbed : (tin pe. 
. perforation (see Contraindications anc Warnings); other factors known to be (tinnitus, decreased 
. . associated with such conditions were present in many of these patients. auditory acuity), disturbed vision 
: E bea Nas been reported rarely. Sn bene blurred vision, disturbed 
| E color tion, reduced vision fields 
.. A Usual dietary intake of potassium by the average adult is 40 to 80 mEq per day. : . 
Potassium dadietion sutficientio cause hypokalemia usually requires loss of photophobia, diplopia, night blindness, 
200 or more mEq of potassium from the total body store. scotomata), optic neuritis. 
Dosage must be adjusted to the individual needs of each patient but is Dermatologic: Cutaneous flushing with 
| pony in the range of 20 mEq per day for prevention of hypokalemia to intense pruritus. 
t seg et per day or more for treatment of potassium depletion, H persensitivity Reactions: Angio- 
te: Siow-K slow-release tablets must be swallowed whole and never ’ 
BE chahedor chewee on acute asthmatic episode, vascu- 
687112 C78-23 (4/78) | ee dir des et ee 
Consult complete product literature before prescribing. pa e or full information. 


-CIBA Pharmaceutical Company MOI tala BE 
Division of CIBA-GEIGY Corporation 
} Suramit, New Jersey 07901 C I B A Laboratories Inc. 
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when the arrhythmic patient 
requires long-term 
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Me ny bor your wars Prodi. 
. can be addressed and solved by 
. using the CPI Porous Tined Lead. 


A DUAL-SURFACE 
POROUS TIP provides 
exceptional pacing 
efficiency: the inner mesh 
optimizes sensing potential while 
the outer surface area provides 
efficient pacing at greatly 

. reduced current drain. Actual 
growth of tissue into lead tip also 
enhances lead stability. 


FOUR SILASTIC TINES 
accompany the problem-solver 
tip to reduce acute and chronic 


disiodgement. 








 Teamed together in the CPI Boda 


Tined Lead, these exceptional 
features may be the missing link 
for controlling sensing problems. 


Special Benefit: We know our 
dual tip saves you energy while 
providing exceptional sensing, 
so we're offering a two year pulse 
generator limited warranty 
extension when you implant a 


| CPI pordu adod SHE 


CPI porous lead) with the C a 
MICROTHIN™ pulse generator. - 


The CPI Porous Tined Lead... - * 
the logical solution to many of - 
your sensing problems. See your 





representative for full details. — 
Cardiac Pacemakers, Inc. = 
4100 North ae Avenue VM 
P.O. Box 43079 "n 
St. Paul, Minnesota 55164, U.S.A. : 


: 
P 
WE'RE DEFINING THE FUTURE 
© 1980 Cardiac Pacemakers, n. —— ; 
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e Alpha 
Advantage: 


It’s for all kinds of hypertensives 


è Unlike beta blockers, Catapres* has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play—normal hemodynamic responses to exercise maintained. 


lOve —low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied." 


cardiac output- tends to return to control values during long-term therapy. 
blood Bi lo) ele] (5-10 7 e in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drugs effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


“Central alpha-adrenergic stimulation decreases sympathetic outflow from 
the brain, as shown in anima! studies 


DE. 109 Data on file at Boehringer Ingelheim Ltd 


pice cd see last page for brief summary, including 
» Warnings, precautions, and adverse reactions. 


T Now available in new 
~ 0.3 mg tablets 
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The Alpha 


Advantage: 


It's for all kinds 
of hypertensives 


Catapres ` 


(clonidine HCl) 


Hypertension 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension—no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 





The usual starting dose of Catapres is 0.1 mg at break- 
fast and 0.1 mg at bedtime. Some patients may benefit 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2—0.8 mg 


Maximum daily cose—2.4 mg 
Doses as high as this have rarely been employed. 


For optimal results, the dose of Catapres must be 
adjusted according to the patient's individual blood 
pressure response. 





Catapres® 
(clonidine hydrochloride) 


Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption of 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
cautien in patients with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity of 


spontaneously occurring retinal degeneration in albino rats treated for 6 month: 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness e 
sedation. Constipation, dizziness, headache, and fatigue have been report 
Generally these affects tend to diminish with continued therapy. The follow 
reactions have been associated with the drug, some of them rarely. (In so 
instances an exact causal relationship has not been established.) These inclu 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalitie: 
liver function tests; one report of possible drug-induced hepatitis without icte 
and hyperbilirubinemia in a patient receiving clonidine hydrochloride, ch 
thalidone and papaverine hydrochloride. Weight gain, transient elevation of blc 
glucose, or serum creatine phosphokinase: congestive heart failure, Raynau 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral chang 
nervousness, restlessress, anxiety and mental depression. Also rash, 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associa 
with a rash, impotence, urinary retention, increased sensitivity to alcohol, dryne 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomas 
weakly positive Coombs’ test, asymptomatic electrocardiographic abnormalil 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
sent reflexes and vomiting followed the accidental ingestion of Catapres (clonic 
hydrochloride) by several children from 19 months to 5 years of age. Gas 
lavage and administration of an analeptic and vasopressor led to complete 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-min 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) o 
dosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 | 
(tan) and 0.2 mg (orange? oval, single-scored tablets in bottles of 100 and 1000. A 
available as 0.3 mc (peach) oval, single-scored tablets in bottles of 100. 

For complete details, p'ease see full prescribing information. 

Under license from Boehringer Ingelheim GmbH 
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«MIME recent Appieron rimies or INTETEST cc. —— 


CARDIAC VALVE PROSTHESES 

Edward A. Lefrak, M.D., the Fairfax Hospital, Falls Church, Virginia; 

ches MT Starr, M.D., University of Oregon Health Science Center, 
ortland. 


Incorporating the most important developments in the last two decades, 
Cardiac Valve Prostheses has been designed as a practical 
sourcebook for the medical clinician. It emphasizes the risks and 
benefits of valve prostheses as they relate to patient age, functional 
class, cardiac size, and late survival. 1979 448 pp. illus. 

A1049-4 $25.50 


CLINICAL NUCLEAR CARDIOLOGY 

Robert W. Parkey, M.D., Frederick J. Bonte, M.D., L. Maximilian 

Buja, M.D., and James T. Willerson, M.D., all of The University of 

enar Health Science Center at Dallas, and Parkland Memorial Hospital, 
allas. 

This book's clinical emphasis focuses on the advantages and 

disadvantages of every major diagnostic test procedure in cardiac 

imaging, including: quantitative methods used to measure myocardial 

blood flow rates; myocardial scintigraphic techniques used to detect 

acute myocardial infarcts; and many more. 1979 338 pp. illus. 

A1146-8 

ECHOCARDIOGRAPHY: Interpretation and Diagnosis 

Jack J. Kleid, M.D., FA.C.C., Albert Einstein College of Medicine, 


Bronx, with the assistance of Stephen B. Arvan, M.D., Flower and Fifth 
Hospitals, New York. 


This practical reference not only encompasses the basic principles of 
ultrasound, it also covers every aspect of cardiovascular disease 
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traceable through ultrasound techniques. ". . . simultaneously 

poet hgh and we eoi. Pas authors and publisher of this i! PESE IO noo TU VIEUX 
super ave produced a text that is warmly recommended to all | 

cardiologists . . ." Journal of the American Medical Association. HEART D ISEASE IN INF ANCY 

1978 460 pp. illus. A2030-3 $38.50 James H. Moller, M.D., University of Minnesota, and 
NONINVASIVE APPROACHES William A. Neal, M.D., University of West Virginia. 

TO CARDIOVASCULAR DIAGNOSIS This book is concerned with the diagnosis and management 
Edited by Alfred F. Parisi, M.D., and Donald E. Tow, M.D., both USVA Of congenital and acquired cardiac conditions occurring in 
Hospital, W. Roxbury, Mass. and Harvard Medical School. neonates and infants. Initial chapters discuss diagnostic 
Here is an integrated text that describes the most appropriate techniques and information obtained from each method — 


applications of noninvasive diagnostic modalities Problem-oriented and history, physical examination, EKG, x-ray, echo and cardiac 

with chapters arranged by disease rather than by technique, the book catheterization. Particular features of each method for normal 

discusses the relative merits and limitations of different approaches to neonates and infants are given. The remaining chapters 

hear dicase, value hoa eeges, Congental canda abreymalles, reser information about various cardiac malformations ir 
Ht , ' this age group. The conditions are grouped according to the 

and pericardial problems. 1978 241 pp. illus. A6953-2 $14.95 clinical features of cyanosis and pulmonary vasculature. The 


MANAGEMENT OF THORACIC EMERGENCIES, anatomy, physiology, clinical history, physical examination, 
3rd Edition EKG, x-ray, echo, cath data, and management of each 
John Borrie, M.B.E., E.D., Ch.M., FR.C.S. (Eng), ER.A.C.S., University Condition are presented, and differential diagnostic features 
of Otago Medical School, Dunedin, New Zealand. for each group are discussed. Approximately 200 EKGs, 
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Pharmacokinetics Anxiety neuroses 

Ativan (lorazepam) is eliminated more rapidly In many nationwide studies involving 

than other benzodiazepines; generates no thousands of patients with anxiety neuroses, 
clinically active metabolites. The half-life of Ativan (lorazepam) consistently provided 
free lorazepam is about 12 hours; steady-state significant relief of anxiety, tension, agitation 
blood levels are attained in 2-3 days. and irritability as measured by standard 
(Comparable data for diazepam: 20-50 hours Hamilton, Global (physician rated) 

and at least 7-10 days.) Ativan shows no and 35-Item (patient self-rated) scales. 


evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 
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They're all about the same, aren't they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence i in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. 


Consider the record of Ativan: 








Anxiety in Anxiety in Anxiety in 

cardiovascular disorders gastrointestinal disorders the aging patient 

Ativan (lorazepam) has been specifically So far, nine common protocol, double-blind Because its simple metabolism is not readily 
evaluated and found effective in seven studies of Ativan have focused on anxious impaired with advancing age, and 

common protocol, double-blind studies patients with functional or organic accumulation is not likely to present a 
involving 423 patients (211 on Ativan) gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
whose anxiety was related to organic 234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
and functional cardiovascular disorders. in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The cardiovascular component The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
has not, of course, been shown to be of course, been shown to be significantly within seconds in water or fruit juice. 


significantly benefited by such therapy. 


benefited by such therapy. 
Ativan (V 
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See important information on following page. 


— Brief Summanfot Prescribing Information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
cardiovascular 
Effectveness in long-term use. i.e., more than 4 months, has not been assessed by system- 
- atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts anc alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety, consider possibility for suicide. 
For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 
. Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
- symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions: 
Observe usual precautions with impaired renal or hepatic function 
— Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
. nent 
Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
. 6mg kg day. No effect dose was 1.25mg /kg. day (approximately 6 times the maximum human 
therapeutic dose of 10mg/ day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
- longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G.I. disease. 
Safety and effectiveness in children under 12 years have not been established 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac 
- :&levations of LDH. As with other benzodiazepines. periodic blood counts and liver function tests 
. are recommended during long-term therapy. 


"CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
. effects when administered with such medications as barbiturates or alcohol. 


_ CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
tats during an 18-month study. No studies regarding mutagenesis have been performed. 


- PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
_ Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
- dosage. Although all these anomalies were not present in the concurrent control group, they 
. have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
»meprobemate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
- Should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician abcut desirability of discontinuing the drug. 
In humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 
_ and its g'ucuronide 
NURSING MOTHERS: It is not known if ora! lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
- many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
- disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4 2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
| sea. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
. dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


. Overdosage: In management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 

_ ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 

_ With Levarterenol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined. 


. Ativanc 
! for, (lorazepam) 
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Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may very from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 
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Helps you keep up with the 
new advances in your 
specialty in the comfort of 
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All new material—specialties expanded. 


The workbook format of the CORNELL MEDICAL UPDATE/2 
breaks medical publishing traditions by giving practicing 
physicians a quick overview of the latest advances in their 
specialty. It transcribes the Update Your Medicine lectures 
sponsored by New York Hospital-Cornell Medical Center. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician's Recognition Award. 
CORNELL MEDICAL UPDATE/2 has been approved for Category 1 
credit towards the AMA's Physician's Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 
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The efficacy and toxicity of large dose procainamide therapy (500 to 1,500 
mg given orally every 4 hours) for recurrent ventricular tachyarrhythmia 
were examined in 35 patients referred for electrophysiologic evaluation. 
In 16 patients procainamide was determined by programmed ventricular 
stimulation and serial drug testing to be the most effective agent. A 
long-term oral regimen was begun followed by periodic clinical evaluation 
and 24 hour ambulatory electrocardiographic monitoring for recurrence 
of symptomatic arrhythmia. In all 16 patients drug efficacy, acutely, 
correlated with specific plasma drug levels, which averaged 13.6 + 8.6 
ig/ml (mean + standard deviation). Dose-dependent effects of pro- 
cainamide at lower than the acute effective level were observed in six 
patients and included progressive slowing of the tachycardia and in- 
creasing ease of arrhythmia induction. In 14 of 16 patients, efficacy of the 
long-term oral regimen correlated with the acute effective plasma level. 
All 11 patients with plasma concentrations maintained at or above the 
acute effective plasma level have been free of symptomatic arrhythmia 
for up to 48 months, whereas all five patients with concentrations below 
the acute effective plasma level have had early symptomatic recurrences. 
Manifestations of acute toxicity, including hypotension, excessive Q-T 
prolongation or progression of infranodal conduction disturbances, were 
not observed. Chronic toxicity was limited to gastrointestinal disturbances 
in two patients (12.5 percent) and drug-induced lupus erythematosus in 
four (25 percent). It is concluded that large dose procainamide therapy 
is quite effective in the treatment of recurrent inducible ventricular 
tachyarrhythmia, and that the improved efficacy over small dose therapy 
may be achieved without an increased incidence of toxic side effects. 


'The efficacy of procainamide in suppressing ventricular premature de- 
polarizations in the setting of acute ischemia and chronic coronary artery 
disease has clearly been demonstrated,!-? but the role of this drug in 
treating recurrent ventricular tachyarrhythmia is not yet established. 
Moreover, it has been suggested that the use of procainamide in the 
treatment of arrhythmia may be limited by a large incidence of toxic side 
effects and poor patient compliance to the frequent dosing schedule 
required.9? Recently, programmed ventricular stimulation has been 
shown to be an efficient and effective means of evaluating drug therapy 
for recurrent sustained ventricular tachycardia.95? When this technique 
is used, the reported efficacy of procainamide for this arrhythmia has 
been variable.19-1? This study was undertaken to assess the effectiveness 
of procainamide administered in large doses in treating recurrent sus- 
tained ventricular tachycardia and ventricular fibrillation and to eval- 
uate the limitations of long-term use resulting from toxic side effects and 
poor patient compliance. 


Methods 


, Patients: Thirty-three patients with either recurrent sustained ventricular 
tachycardia or ventricular fibrillation that could reproducibly be initiated by 
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programmed ventricular stimulation underwent serial electrophysiologic studjesm. 
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with acute drug testing.? In two additional patients incessant 
| ventricular tachycardia allowed serial testing of drugs without 
| cardiac catheterization. On the basis of the results of these 
| studies, a long-term oral drug regimen was devised, long-term 
| drug testing performed and the patients followed up pro- 
spectively. In 25 of these patients successful pharmacologic 
regimens were developed from the electrophysiologic studies, 
and in 16 procainamide was the successful antiarrhythmic 
agent. These 16 patients form the basis of this report. i 

Fourteen patients had had multiple episodes (range 2 to 20, 
mean + standard deviation 13 + 5) of clinically documented 
ventricular tachycardia requiring multiple hospitalizations 
and pharmacologic or electrical conversion, or both, of their 
arrhythmias. The two patients with clinical ventricular fi- 
brillation that was clearly unrelated to ischemia or infarction 
and therefore not primary ventricular fibrillation were studied 
after the first episode. In seven patients the arrhythmia had 
resulted in syncope or cardiac arrest, or both. Recurrent 
tachyarrhythmia in all 14 patients did not respond to multiple 
trials of empiric drug regimens that included procainamide 
in doses of 3.0 to 4.5 g/day. 

The pertinent clinical data for these patients are shown 

in Table I. There were 14 men and 2 women, ranging in age 
from 24 to 73 years. Twelve patients had coronary artery 
disease, all with associated left ventricular aneurysm; one 
patient had restrictive cardiomyopathy, two had mitral valve 
prolapse, one had hypertensive cardiovascular disease and one 
had no evidence of structural heart disease on clinical exam- 
ination or at cardiac catheterization. Electrocardiograms at 
rest were abnormal in all but two patients; evidence of previ- 
ous myocardial infarction and intraventricular conduction 
_ defects were the most common abnormalities. 
i On admission, all antiarrhythmic agents were discontinued 
= while patients were continuously monitored in the medical 
intensive care unit. Electrophysiologic studies were performed 
after five half-lives had elapsed, to allow for almost complete 
drug excretion. In all patients serum electrolytes and clinical 
status remained stable during the study period. 

Electrophysiologic studies: After giving informed con- 
sent, the patients underwent electrophysiologic studies in the 
nonsedated postabsorptive state. Three to five multipolar 
electrode catheters were introduced percutaneously or by 
cutdown and positioned under fluoroscopic guidance in the 
high right atrium, atrioventricular junction (His bundle re- 
cording site), coronary sinus and the right or left ventricular 
apex, or both. After routine studies of sinus and atrioven- 
tricular nodal function were performed, programmed ven- 
tricular stimulation, including the introduction of single and 
double ventricular extrastimuli during sinus rhythm with at 
least two ventricular drive cycle lengths, and rapid ventricular 
pacing (cycle length 400 to 250 ms) for 10 to 60 seconds, were 
carried out using a specially designed programmable stimu- 
lator and constant current source (Bloom Associates, Nar- 
berth, Pennsylvania) as previously described.!* 

Intracardiac electrograms were filtered at 40 to 500 hertz 
and simultaneously displayed with two to three surface elec- 
trocardiographic leads on a multichannel oscilloscope (Elec- 
tronics for Medicine DR-16). Data were stored on magnetic 
tape and subsequently retrieved on photographic paper. 

Acute drug testing: In 14 patients, ventricular tachycardia 
or fibrillation identioal to the clinically documented ar- 
rhythmia was induced during programmed ventricular stim- 
ulation and consequently these patients underwent acute drug 
testing. Procainamide, 1.000 mg, was administered intrave- 
nously at a rate of 50 mg/min. Blood pressure was uniformly 
monitored with sphygmomanometry every 4 to 5 minutes 
. during 4e drug infusion. After completion of the infusion, 

-—pregrammed ventricular stimulation and rapid ventricular 
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pacing were repeated and plasma procainamide levels ob- 
tained. If the arrhythmia was still inducible, additional 250 
mg increments of procainamide were similarly administered 
and tested until either induction of the arrhythmia was pre- 
vented or clinica! or electrophysiologic toxicity, or both, oc- 
curred. Plasma procainamide levels were obtained at the 
completion of the programmed ventricular stimulation pro- 
tocol after each incremental dose (usually 5 to 15 minutes after 
cessation of the infusion). In two patients whose ventricular 
tachycardia was incessant the arrhythmia was suppressed with 
an intravenous infusion of procainamide before the electro- 
physiologic evaluation. 

Long-term drug regimen and follow-up: A long-term 
oral drug regimen was then designed to achieve plasma levels 
shown to be successful during acute drug testing or with 
continuous intravenous infusion. After 3 days of the oral 
regimen, drug efficacy was confirmed in 15 patients with 
programmed ventricular stimulation performed at the time 
of predicted trough plasma level. Plasma procainamide and 
N-acetyl-procainamide levels were drawn at the time of the 
predicted trough level. 

All patients underwent 24 hour ambulatory electrocardio- 
graphic monitoring before discharge. Patients were seen at 
follow-up visits, every 3 months, or followed up by direct 
contact with the referring physician. The success or failure of 
outpatient long-term oral drug therapy was defined by the 
presence or absence of symptomatic episodes of tachycardia. 
All deaths occurring within 24 hours of the onset of symptoms 
were classified as sudden and presumed to be cardiovascular 
deaths. All results are reported as mean + standard deviation 
unless otherwise specified. 

Drug toxicity: This condition was categorized as either 
acute or chronic: Acute toxicity included those side effects that 
occurred during or immediately after infusion with procain- 
amide (for example, hypotension and QRS and Q-T prolon- 
gation). Chronic toxicity included those side effects that ap- 
peared after 24 hours of drug therapy (for example, nausea, 
anorexia, fever, central nervous system stimulation, arthral- 
gias, polyserositis and skin rash). 


Results 


Efficacy of large dose procainamide therapy: In 
all 14 patients studied in the laboratory the infusion of 
1,000 to 2,500 mg of procainamide prevented the in- 
duction of ventricular tachyarrhythmia by all stimu- 
lation protocols without producing acute clinical or 
electrophysiologic toxicity. The effect of large doses of 
procainamide on the ability to induce ventricular 
tachycardia by timed double ventricular extrastimuli 
is demonstrated in Figure 1. A similar response in a 
patient with inducible ventricular fibrillation is dem- 
onstrated in Figure 2. 

The effective procainamide dose acutely adminis- 
tered ranged between 500 and 2,000 mg (mean 1,170 + 
360). This resulted in effective acute procainamide 
plasma levels of 4.3 to 32.3 ug/ml (mean 13.6 + 8.6). The 
doses and corresponding plasma levels found to be ef- 
fective acutely are shown in Table II. In the two patients 
with incessant arrhythmia, intravenous bolus injections 
of 1,000 and 1,500 mg of procainamide, followed by a 
continuóus infusion of 4 to 6 mg/min, were found to 
suppress the arrhythmia. 

Dose-dependence of procainamide effect: In four 
patients, the initial infusion of 1,000 mg of procainamide 
failed to prevent induction of the ventricular tachyar- 
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TABLE ! F 
E 
Clinical Features of 16 Patients 1 
Cardiac | 
Age (yr) Clinical Cardiac ECG . Catheterization s 
Case & Sex Arrhythmia Diagnosis Symptoms Findings Results i 
E | 
1 58M VT (sustained) CAD Angina, palpitations, Axis +30°, LBBB, Normal hemodynamics, E 
dizziness, CHF VPD 2 vessel CAD (10096 RCA, 4 
90% LCx), inferior 1 
aneurysm, hypokinetic 3 
anterior wall, EF 36 96 i 
2 68F VT (nonsustained), HCVD, CHF, syncope Axis —10°, no No cardiac catheterization j 
VF AODM conduction defect, 4 
LVH, poor R wave = | 
progression 3 
3 24M VT (sustained), VF MV prolapse, Chest pain, dizziness, Axis —110°, IVCD- Elevated filling pressures, 3 
restrictive syncope, dyspnea on LBBB pattern, 19 A-V MV prolapse, 1+ MR, E 
myopathy exertion ados anterolateral diffuse hypokinesia 
M 3 
4 67M VT (sustained) CAD Angina Axis —50°, IVCD, old 3 vessel CAD, inferoposterior 5 
IMI aneurysm, EF 35% | j 
5 61M VT (sustained) CAD Palpitations, dyspnea, Axis +20°, RBBB, Not catheterized 3 
dizziness 1 AV block, old AMI 3 
6 64M VT (sustained) CAD Fatigue, dyspnea, Axis —50°, LAH, Elevated filling pressures, : 
syncope 10 A-V block, 1 vessel CAD (70% LCx), l 
extensive old AMI dilated LV, 1+ MR, a 
anteroapical akinesia, 4 
inferior hypokinesia 4 
7 58M VT (sustained) CAD CHF, hypotension Axis 4-309, IACD 2 vessel CAD (10096 LAD, 
(no IVCD), old AMI 100% RCA), anterior E 
aneurysm, 1+ MR, EF 25% | 
8 61M VT (nonsustained) CAD Palpitations, dyspnea, Axis —30°, IACD Normal hemodynamics, 3 
dizziness, angina (no IVCD), old IMI, 2 vessel CAD (10096 
old ASMI dominant LCx, 5096 LAD), 3 
apical aneurysm, diffuse l 
LV hypokinesia 4 
9 54F Complete heart CAD Angina, dyspnea Axis —60°, RV apical Normal hemodynamics, "d 
block pacemaker no obstructive coronary 3 
functioning in lesions, coro spasm 3 
fixed rate mode 2 on 3 
10 53M VT (sustained) CAD CHF, palpitations, Axis +20° Diffuse LV hypokinesia, 3 
presyncope 3 vessel CAD, inferior 1 
aneurysm, 3+ MR a 
11 52M VT (nonsustained) CAD Angina, syncope Axis +45°, no Elevated filling pressures, . 
conduction defect, 3 vessel disease, : 
old IMI inferior akinesia 
12 63M VT (nonsustained) CAD Palpitations, CHF Axis +90°, no Normal hemodynamics 
conduction defect, 2 vessel CAD, 
old IMI inferoapical akinesia 
13 29F VT (sustained) MV prolapse Atypical chest pain, Axis —30°, no No cardiac catheterization 
palpitations, conduction defect, 
syncope inferior T wave 
abnormality 
14 55M VT (sustained) CAD Angina, palpitations, Axis +30°, infero- Normal hemodynamics, 
presyncope posterior MI 1 vessel CAD (100% LCx), 
inferoapical aneurysm, 
anterior/inferior 
hypokinesia, EF 29 % 
15 55M VT (sustained) CAD Cardiac arrest Axis +90°, no Elevated filling pressures 
conduction defect, 2 vessel CAD (100% LAD, 
extensive AMI 100% RCA), dilated 
hypocontractile LV, 
anteroapical + inferior 
akinesia, Cl 2.0 liters/min 
16 61M VT (sustained) CAD Palpitations, Axis +20°, RBBB, Elevated filling pressures, 





near-syncope 


old ASMI 


2 vessel CAD (95% LAD, 
95% LCx), dilated 
hypodynamic LV, 
anteroapical aneurysm, 
EF 25% 


AMI = anterior myocardial infarction; AODM = adult onset diabetes mellitus; ASMI = anteroseptal myocardial infarction; A-V = atrioventricular: 
CAD = coronary artery disease; CHF = congestive heart failure; Cl = cardiac index; ECG = electrocardiographic; EF = ejection fraction; HCVD 
= hypertensive cardiovascular disease; [ACD = intra-atrial conduction defect; IMI = inferior myocardial infarction; IVCD = intraventricular conduction 
defect; LAD = left anterior descending coronary artery; LAH = left anterior hemiblock; LBBB = left bundle branch block; LCx = left circumflex 
coronary artery; LV = left ventricle; LVH = left ventricular hypertrophy; MR = mitral regurgitation; MV prolapse = mitral valve prolapse; RBBB 
= right bundle branch block; RCA = right coronary artery; RV = right ventricle; VF = ventricular fibrillation; VPD = ventricular premature depolarization; 
VT = ventricular tachycardia. 
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[] 

rhythmia. Each of these patients received additional 
incremental doses of procainamide and drug efficacy 
was retested at each level. In the two patients with in- 
cessant arrhythmia, the effective plasma level was found 
by empirical adjustments of the infusion dose. This al- 
lowed assessment of a limited dose-response relation in 
these six patients. 

Prevention of induction of ventricular tachyar- 
rhythmia in these patients was found to be dependent 
on a specific plasma procainamide level (Table II). 
However, subtherapeutic plasma levels produced sev- 
eral interesting effects. First, the cycle length of the 
tachycardia was prolonged in all six patients by 50 to 
100 ms, causing the arrhythmia to be better tolerated 
clinically. Second, in each patient the tachyarrhythmia 
was more easily induced, or terminated, or both, than 
in the control state, as reflected by an increased range 
of coupling intervals for ventricular extrastimuli capable 
of inducing or terminating the tachycardia or the ability 
of a less potent stimulation protocol to induce or ter- 
minate it (for example. single premature ventricular 
depolarizations compared with double ventricular 
premature depolarizations). 

Third, in all six patients subtherapeutic plasma drug 
levels converted induction of sustained ventricular 
tachycardia to induction of self-terminating nonsus- 
tained runs of ventricular tachycardia of varying du- 
ration. 


CONTROL 


Each of these effects of subtherapeutic procain- 
amide levels was graded with increasing plasma levels. 
With increasing but still subtherapeutic procainamide 
plasma levels, progressively shorter runs of nonsus- 
tained ventricular tachycardia were induced, until fi- 
nally at the effective acute plasma level no ventricular 
tachycardia (that is, no more than two repetitive ven- 
tricular responses) could be induced. Several of these 
dose-dependent effects of procainamide are shown in 


‘Figure 3. 


Correlation of drug efficacy with plasma pro- 
cainamide levels: The results of short- and long-term 
drug testing are summarized in Table II. Plasma pro- 
cainamide levels achieved with intravenous infusion 
that successfully prevented induction of ventricular 
tachyarrhythmia (that is, the “effective acute plasma 
procainamide levels”) were compared with the effective 
trough plasma level during long-term oral therapy, that 
is, the “effective chronic plasma procainamide level." 
In 14 patients, the latter level equaled or exceeded the 
“effective acute plasma procainamide level,” while in 
two patients this was not the case. In these two patients 
no oral regimen of procainamide could produce trough 
levels that exceeded the effective acute plasma level, 
and electrophysiologic testing was performed while they 
were receiving the oral dosage that produced the highest 
tolerated trough level. In one patient (Case 13), this level 
prevented induction of ventricular tachyarrhythmias 
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FIGURE 1. Patient 5. Prevention of ventricular 
tachycardia by intravenous procainamide. 
Analog records, including surface electro- 
cardiographic lead V, and intracardiac elec- 
trograms from the right ventricular outflow 
tract (RVOT), coronary sinus (CS), right ven- 
tricular apex (RVA) and the border of a left 
ventricular aneurysm (LV-An), and 10 ms time 
lines are shown from a patient with recurrent 
sustained ventricular tachycardia undergoing 
acute drug testing. A, double ventricular ex- 
A trastimuli (S2,S3), introduced at the right ven- 

tricular apex during a basic ventricular drive 

with a cycle length of 600 ms, induce stable 

sustained ventricular tachycardia. B, the 


IV - An ll infusion of 500 mg of procainamide yielding a 
p plasma level of 11.0 g/ml prevented induc- 
T EUNTES SEOANE DNO DISP RO eri seme amori E Nd eres MEN: eite termi tein ,L 900msec-—] TUR EMIL rM qi tion of ventricular tachycardia by the same 





stimulation protocol. 
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TABLE Ii | ; oA ^ 
Procainamide Regimens and Plasma Levels Mr. 


Empiric Long-Term ee Long-Term 
Drug Acute (IV) Acute (IV) Oral Procain- f (oral) Procain- 
Regimen Procainamide Plasma Level amide Dosage amide Trough Plasma 
Case (mg) (ug/ml) (mg every 4 hours) Level (ug/ml) 


Ue 9.4 (NAPA 0) 1000 16. : (NAPA 5.9) 
500 orally every 6 h 10.8 500 11 
IV infusion (4/min) : 1250 10. 8 
500 orally every 4h 1 1000 15.4 
500 orally every 4 h 750 13.8 
500 orally every 4 h 32. 3 (NAPA 2.7) 1500 35.0 
500 orally every 4 h 6.2 1250 7.7 pga 6.7) 
500 orally every 6 h IV infusion 9.2 1500 
(4/min) 
500 orally every 6 h 750 9.2 500 
750 orally every 4 h 1000 1000 
375 orally every 4 h 1000 6. 7 (NAPA 1.0) 500 
500 orally every 4h 1000 1000 
Pas IV infusion - 1000 
(7 /min) | 
750 orally every 4 h 1750 f 2000 
750 orally every 4 h 1000 3 (NAPA 0.6) 1000 
500 orally every 4 h 1000 T: 750 alternating 
with 1000 


ONON 4» CO ho — 


-a 


1 (NAPA 1.4) 


— — — 
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h2 
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0 (NAPA 4.0) 
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= intravenous; NAPA = n-acetyl procainamide. . 
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PROCAINAMIDE 27.0mg/L 


FIGURE 2. Patient 13. Prevention of ventricular fibrillation by intravenous procainamide. Analog records, including surface electrocardiographic 
leads |, I| and V, and intracardiac electrograms from the high right atrium (HRA), coronary sinus (CS), His bundle area (HBE), right ventricular apex 
(RV), and 10 ms time lines, are shown from a patient with recurrent ventricular fibrillation. Upper panel (CONTROL), double ventricular extrastimuli 
(S2,S3) introduced at the right ventricular apex auring a basic ventricular drive with a cycle tength of 500 ms, induce ventricular fibrillation. Lower 
panel, at an acute plasma procainamide level of 27.0 mg/liter, ventricular fibrillation was no longer inducible with the same or any — 2€ 
protocol. Sar y 
i t i 


Qe 
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anf in the other patient (Case 14) it did not. The latter 
patient was discharged taking the largest tested dose of 
procainamide that slowed the tachycardia to a hemo- 
dynamically tolerable level. 

In four patients data on N-acetyl procainamide were 
also available. Drug efficacy did not appear to correlate 
with the plasma N-acetyl procainamide (NAPA) levels, 
which ranged from 1.4 to 51.4 ug/ml in the long-term 
oral regimen. In three patients whose long-term oral 
regimen was found to be ineffective during a repeated 
electrophysiologic study, superimposition of additional 
procainamide by intravenous infusion prevented in- 
duction of ventricular tachycardia without acutely 
changing the plasma NAPA level. Additionally, in one 
patient whose effective acute plasma procainamide level 
was associated with an NAPA level of 0, long-term oral 
regimens yielded plasma procainamide levels of 5 ug/ml 
less than the effective acute plasma level, but NAPA 
levels of 51.4 ug/ml were ineffective in preventing in- 
duction of ventricular tachycardia. 

Drug efficacy during long-term follow-up study also 
. correlated with maintenance of plasma procainamide 
— levels that were equal to or greater than the effective 
= acute plasma level. All 14 patients, while on long-term 
regimens yielding such plasma procainamide levels have 


CONTROL 








been free of symptomatic ventricular tachyarrhythmia 
for 4 to 48 months of clinical follow-up study. The oral 
regimen required to achieve these levels ranged from 3 
to 12 g daily, and in each patient exceeded the unsuc- 
cessful empiric dose regimen of 2 to 4.5 g daily used 
before the study. | 

Twenty-four hour ambulatory monitoring during 
foliow-up study of the 16 patients on successful long- 
term oral regimens revealed persistence of complex 
ventricular ectopic activity in 5 patients but only simple 
ventricular ectopic activity in 11 patients. In the former 
group, intermittent bigeminal or trigeminal rhythms 
and rare ventricular couplets and triplets occurred. In 
the latter group, unifocal ventricular premature depo- 
larizations from 0 to 100/hour were noted with mean 
frequencies ranging from less than 1 to 20/hour. In no 
patient was sustained or symptomatic ventricular 
tachycardia or ventricular fibrillation observed. There 
was also no correlation of the frequency of ventricular 
ectopic activity in successfully treated patients and the 
plasma procainamide levels. 

Patient follow-up (Table III): The follow-up period 
ranged from 4 to 48 months (mean 19 + 14). Fifteen of 
the 16 patients were arrhythmia-free during the effec- 
tive long-term oral regimen. In 10 patients the pro- 


FIGURE 3. Patient 14. Dose-response relations of pro- 
cainamide in induction of ventricular tachycardia. Analog 
records, including surface electrocardiographic leads |, 
aVF, V; and an intracardiac electrogram from the right 
ventricular apex, plus 10 ms time lines are shown from 
a patient with recurrent sustained ventricular tachycardia 
receiving incremental doses of procainamide by intra- 
venous infusion. Upper panel (CONTROL), double ven- 
tricular extrastimuli (S2,S3) introduced at the right ven- 
tricular apex (coupling intervals 300 and 240 ms) during 
a basic ventricular drive (cycle length 500 ms) induce 
sustained ventricular tachycardia with a cycle length of 
350 ms. Second panel, at a plasma procainamide level 
of 8.4 ug/ml, a single ventricular extrastimulus (coupling 
interval 330 ms) induces a slower ventricular tachycardia 
(cycle length 440 ms). Third panel, at a plasma pro- 
cainamide level of 15.6 ug/ml, double ventricular ex- 
trastimuli are again required to induce a slower tachy- 
cardia (cycle length 440 ms) that spontaneously termi- 
nates after 15 complexes. Bottom panel, at an acute 
plasma procainamide level of 30.8 ug/ml, no stimulation 
protocol including double ventricular extrastimuli at 
coupling intervals of 350 and 290 ms could induce ven- 
tricular tachycardia. 
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cainamide dose remained unchanged. Six of these 10 
patients continue to be alive and well; the remaining 4 
died of nonarrhythmic causes, one of chronic congestive 
failure and three of malignancy. In five patients the 
procainamide dose was later reduced below the levels 
demonstrated to be effective during the electrophysi- 
ologic studies. In all five patients ventricular tachy- 
cardia or ventricular fibrillation recurred. The recur- 
rence resulted in sudden death in two; the remaining 
three patients again became arrhythmia-free after 
reinstitution of the original drug regimen. In the 16th 
patient no long-term oral regimen could be devised to 


D " 


produce trough plasma procainamide liiis greater ds 
the effective acute . plasma level, and ventricular 
tachycardia recurred. e i He : 
Adverse effects of large dio Droeda 
therapy (Table III): Acute side effects were limited to 
increases in the QRS and Q-T duration of less than 25 
percent of the control intervals, and increases of 5 to 20 
ms in the H-V interval in all but one patient. In that 
patient a marked increase in the H-V interval from 55 
to 110 ms developed after infusion with procainamide. 
One additional patient had preexisting complete heart 
block and a permanent transvenous pacemaker in place. 


TABLE Ill 
Follow-Up Data on 16 Patients 


Change in 
Procainamide 
Case Dosage 
1 
2 
3 


Recurrent 
Arrhythmia | 


Procainamide j Follow-Up 
Side Effects i Study 


None None | Melon 
None None None 
Procainamide de- VF None 
creased, then 
abruptly stopped . 
Procainamide de- VT 
creased to 500 mg 
every 4 hours 


6 mo arrhythmia-free 

48 mo arrhythmia-free 

18 mo arrhythmia-free; dead 24 
hours after discontinuation of 
procainamide 

8 mo arrhythmia-free; since 
decrease in procainamide 
dosage two recurrences of 
sustained VT in 1 year 
requiring hospitalization 

3 mo postdischarge on predicted 
nontherapeutic regimen; 
VT recurred; given additional 
antiarrhythmic agents; now 
arrythmia-free for 48 mo 

4 mo arrhythmia-free; died 
of intractable CHF 

5 mo arrhythmia-free 

4 mo arrhythmia-free; died of 
metastatic lung carcinoma 

11 mo arrhythmia-free: VT 
recurred after discontinuing 
procainamide; after return to 
recommended dosage, no 
subsequent symptomatic 
arrhythmia for additional 
20 mo 

17 mo arrhythmia-free; died of 
intractable CHF 

None 4 mo arrhythmia-free on 
medications; 1 mo no 
symptoms off medication, 
post CABG 

Arrhythmia-free 21 mo 2 wk after 
changing from procainamide to 
empiric disopyramide regimen 


Arthralgia, pleuritis, 
T ANA (1:1,280) 


Procainamide de- Nausea 
creased to 750 mg 
every 6 hours 


Increased H-V from 55 
| to 100 ms, nausea 
None None | None 

None | None None 


None None 


Procainamide VT, cardiac Arthralgia 


discontinued arrest 


ANA 1:40 


Procainamide dis- 
continued, changed 
to disopyramide 
after drug-induced 
SLE developed 

Procainamide 
changed to 
disopyramide 


+ ANA (1:1,200), disabling 
arthralgia, SOB 


+ ANA (1:640), 
arthralgia 


28 mo arrhythmia-free: because 
of arthralgia procainamide 
changed to disopyramide; 
after arthralgia syncope subsequently 
developed developed and recurrent VT/VF 

None 2 mo recurrent VT predicted by 

failure to achieve effective 
intravenous level with 
oral regimen 

None 4 mo arrhythmia-free — 

H-V prolongation 25% 21 mo arrhythmia-free; had 
recurrent VT after new ve 
unresponsive to medical - 
therapy, died postop CABG/ 
aneurysmectomy of " 
hemodynamic compromise _ 


AMI = anterior myocardial infarction; ANA = antinuclear antibody; CABG = coronary arterial bypass graft; CHF = congestive heart failure; H-V 
= His ventricular interval; IV = intravenous; postop = postoperatively; SLE = systemic lupus erythematosus; TT = "me of bi I h; his = 
ventricular fibrillation; VT = ventricular tachycardia; += PONE test. a 
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Tdi ed in no patient did progression to infranodal 
block occur. In addition, no patient had significant 
hypotension during or immediately after drug infu- 
sion. 

Long-term side effects included mild gastrointesti- 
nal toxicity and immunologic abnormalities. Gas- 
trointestinal symptoms, consisting of nausea and mild 
anorexia without vomiting or diarrhea, occurred in only 
two patients. Immunologic abnormalities were the most 
common side effects. In all patients positive antinuclear 
antibodies developed during the course of therapy but 
in only four did titres exceed a 1:20 dilution. In these 
four patients manifestations of drug-induced lupus 
erythematosus developed, including arthralgia (four 
patients) and pleuritis (one patient). In one patient, 
whose antinuclear antibody titre was 1:1200, the ar- 
thralgia was disabling, prompting his physician to 
change the regimen empirically to disopyramide, 200 
mg, every 6 hours. Three days after discharge on the new 
regimen the patient died suddenly. Therapy in a second 
patient with severe arthralgia was switched to disopy- 
ramide after electrophysiologic study demonstrated 
drug efficacy, and he remains asymptomatic on the new 
regimen. 'The other two patients with arthralgia in- 
cluding the patient with pleuritis responded well to 
treatment with analgesic and mild anti-inflammatory 
agents and have continued procainamide therapy. 
There were no cases of central nervous system stimu- 
lation, skin eruptions, agranulocytosis or toxic hepatitis. 
No new arrhythmias were observed during long-term 
oral treatment with procainamide. 

Patient compliance: Although there was no formal 
mechanism for evaluating patient compliance (for ex- 
ample, pill counting or monthly measurement of serum 
levels), frequency of prescription renewal and correla- 
tion of the effective long-term drug levels with ar- 
rhythmia suppression were used to judge compliance. 
On the basis of these data, patient compliance was ex- 
cellent, despite the dosing schedule of every 4 hours. 
Only the two patients with disabling arthralgia re- 
quested a change in drug regimen. 


Discussion 


Efficacy of large dose procainamide: Since its 
introduction for clinical use in 1951, procainamide has 
been reported to demonstrate excellent efficacy against 
ventricular arrhythmias. Bellet$ reported that pro- 
cainamide suppressed ventricular premature depolar- 
izations in 91 percent of cases and prevented ventricular 
tachycardia in 69 percent. This apparent high degree 
of efficacy has been confirmed for ventricular ar- 
rhythmias in the setting of acute myocardial infarc- 
tion.!:15 Recently, however, several laboratories reported 
that procainamide is not nearly so effective against re- 
current inducible ventricular tachycardia. Prevention 
of induction of ventricular tachycardia using pro- 
grammed stimulation was observed in only 14 to 30 
percent of patients receiving acute intravenous infusion 
of procainamide.!!-?? In our study, acutely administered 
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procainamide prevented induction of ventricular 
tachycardia or fibrillation in 48 percent (16 of 33) of all 
patients with inducible ventricular tachyarrhythmia, 
and in 74 percent (16 of 25) of those patients who could 
successfully be treated pharmacologically. 

The differing efficacy of procainamide observed in 
our study compared with other studies utilizing pro- 
grammed ventricular stimulation is attributable to 
differences in the procainamide doses and acute plasma 
levels achieved. In the other studies!!-!? intravenous 
procainamide doses were 10 mg/kg, 812 + 77 mg and 
1,000 mg, respectively. The latter two studies?!? re- 
ported acute plasma procainamide levels that ranged 
from 2.0 to 9.75 and 5.2 to 9.8 ug/ml, respectively. In our 
study intravenous procainamide doses averaged 1,170 
mg and resultant plasma levels ranged between 4.3 to 
32.3 ug/ml with all but one being greater than 9 ug/ml. 
In general, the effective short- and long-term plasma 
procainamide levels in our study were significantly 
higher than the previously reported therapeutic levels 
of 4 to 10 ug/ml,! and 4 to 6 ug/ml.” In our patients the 
oral drug regimens necessary to maintain effective 
plasma levels (3.0 to 12.0 g/day) were much higher than 
those previously used in clinical practice.? 

Ventricular arrhythmias in acute myocardial 
infarction versus recurrent tachycardia: The ap- 
parent difference in efficacy of procainamide in patients 
with ventricular arrhythmia in the setting of acute 
ischemia and in those with recurrent sustained ven- 
tricular tachycardia studied by programmed ventricular 
stimulation is related to two factors. First, the ar- 
rhythmias studied in the two groups are not compara- 
ble. Those arrhythmias studied in the setting of acute 
myocardial infarction include complex ventricular ec- 
topic activity (multifocal ventricular premature depo- 
larizations, frequent ventricular premature depolar- 
izations, couplets and triplets) and nonsustained runs 
of ventricular tachycardia, as contrasted with stable 
sustained ventricular tachycardia or ventricular fibril- 
lation that recurs spontaneously and can be reprodu- 
cibly initiated in the electrophysiology laboratory. 
Second, the indexes used for judging drug efficacy in 
those reports of arrhythmias associated with acute 
myocardial infarction are unreliable. These include 
eradication or reduction in frequency of ventricular 
premature depolarizations, conversion of ventricular 
tachycardia and abolition of complex ventricular ar- 
rhythmia or ventricular tachycardia. All of these indexes 
are known to be inadequate predictors of the recurrence 
of ventricular tachyarrhythmia,!9!7 whereas the reli- 
ability of programmed ventricular stimulation in pre- 
dicting successful drug regimens has recently been es- 
tablished.?? 

Dose-dependence of procainamide effect: Our 
data indicate that the effect of procainamide on the 
induction of ventricular tachyarrhythmia is dose-de- 
pendent. Observations of the response to incremental 
doses of the drug have generated two important con- 
clusions: (1) The efficacy of procainamide shows a 
striking dose-dependence; failure to prevent induction 
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of the arrhythmia at a given plasma level does not pre- 
dict failure to do so at a higher level; and (2) facilitation 
of induction of a tachyarrhythmia at a lower plasma 
level similarly does not correlate with failure to prevent 
induction of the arrhythmia at some higher plasma drug 
level. 

The first conclusion is supported by the following 
findings from our study: (1) At increasing plasma levels, 
ventricular tachycardia was often rendered progres- 
sively less sustained until its induction was finally 
prevented; (2) reduction of plasma drug concentrations 
below the effective acute levels as determined by pro- 
grammed stimulation resulted in recurrence of the ar- 
rhythmia, whereas reinstitution of the effective acute 
plasma level prevented further recurrence; and (3) the 
high frequency of episodes of ventricular tachyar- 
rhythmia on smaller empiric doses before electro- 
physiologic study compared with the striking absence 
of symptomatic recurrences for up to 48 months on large 
dose therapy after electrophysiologic drug testing. 

The second conclusion is supported by the obser- 
vation that all the patients requiring more than the 
initial 1,000 mg infusion to prevent induction of the 
arrhythmia showed evidence of increased ease of in- 
duction of their arrhythmia at plasma procainamide 
levels below the subsequently determined acute effec- 
tive plasma levels. This observation has now been ex- 
tended to a larger group of patients referred for study 
of their ventricular tachyarrhythmias (unpublished 
data). In fact, not only does facilitation of induction of 
the arrhythmia not correlate with drug failure at a 
higher dosage, it is probably intrinsic to the mechanism 
of procainamide's therapeutic action. Procainamide's 
known effect of slowing conduction velocity may ac- 
centuate the critical degree of conduction delay required 
for initiation of reentry. With the tendency for slowed 
conduction and preexisting anterograde block in the 
reentrant pathway, small changes in cycle length or late 
ventricular premature depolarizations may easily in- 
duce the arrhythmia, making its occurrence almost in- 
cessant. Higher plasma procainamide levels may pre- 
vent induction of a reentrant arrhythmia either (1) by 
slowing conduction so greatly that block in the antero- 
grade limb ensues, or (2) by causing greater prolonga- 
tion of refractoriness in the retrograde limb than of 
conduction so that the returning wave front always finds 
the retrograde limb inexcitable. 

Role of NAPA: Although several reports!9-?? have 
suggested that N-acetyl procainamide (NAPA) has 
antiarrhythmic potency and may contribute to the ef- 
ficacy of procainamide, our findings do not support this 
contention in the four patients with recurrent inducible 
ventricular tachyarrhythmia in whom NAPA blood 
levels were measured. First, the fact that intravenous 
infusions of procainamide may prevent the induction 
of a tachyarrhythmia when NAPA levels are usually 
negligible implies that NAPA is not necessary for this 
effect. Second, arrhythmias in several patients restudied 
on a long-term oral regimen (whose arrhythmia could 
still be induced despite relatively high procainamide 


and NAPA levels) were subsequently controlled with 
superimposition of additional procainamide infusions 
without a change in NAPA level. However, more defi- 
nite conclusions about the efficacy of NAPA will require 
further evaluation. 

Side effects of large dose procainamide therapy: 
The occurrence of acute adverse effects in our patient 
group was minimal. No significant hypotension (15 mm 
decrease in systolic blood pressure or 10 mm decrease 
in mean blood pressure) occurred during or immediately 
after intravenous infusion. Adverse electrophysiologic 
effects observed were compatible with those previously 
reported.?! In general, there was no significant exacer- 
bation of infranodal conduction despite the wide 
prevalence of preexisting intraventricular conduction 
defects. 

Long-term adverse effects were surprisingly mild. 
No episodes of central nervous system stimulation, 
agranulocytosis or significant gastrointestinal toxicity 
were observed. The most important long-term adverse 
effect of procainamide therapy was the development of 
drug-induced lupus erythematosus. The incidence rate 
of this syndrome in our patient group (25 percent) was 
not strikingly higher than that reported for all forms of 
procainamide therapy (20 percent)® and was substan- 
tially lower than that previously reported for patients 
on long-term procainamide therapy (70 to 90 per- 
cent). : 

The incidence of drug-induced lupus erythematosus 
may be related to acetylator status.!? Unfortunately, all 
four of the patients who had this syndrome were eval- 
uated before we had the ability to measure NAPA levels. 
However, the effects of acetylator status on the devel- 
opment of drug-induced lupus erythematosus may be 
minimized in our patient population by the recent 
finding that the hepatic acetylator pathway may be 
chemically saturated at higher plasma levels, effectively 
converting patients on large dose therapy from patients 
of a fast acetylator phenotype to those of a functionally 
slow acetylator phenotype.!° 

Finally, patient compliance, usually a problem with 
routine procainamide therapy, was excellent. Signifi- 
cant gastrointestinal toxicity, a prime factor in poor 
drug acceptance, was not observed in our patient group. 
Several of our patients noted some mild nausea but 
none agreed to consider a change in their drug regimen 
even if it might alleviate that symptom. In addition, 
even in those patients in whom arthralgia developed, 
two refused to change to other drug regimens, preferring 
to continue taking procainamide along with analgesic 
agents. Both these findings may be related to the ex- 
tremely high motivation of our patients who were aware 
of the severity of their arrhythmia and who had had 
good symptomatic results with procainamide. 

The potentially threatening adverse effects of in- 
franodal conduction block and Q-T prolongation with 
torsade de pointes must be considered, even though we 
did not encounter serious drug side effects in our pa- 
tient group. Therefore, large dose procainamide therapy 
should probably be applied only with continuous 
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nfonitoring i in an intensive care unit equipped for in- 
vasive procedures or with the availability of an experi- 
enced electrophysiologic laboratory, or both. These 
measures would facilitate prompt temporary ventricular 
pacing for complete heart block or suppression of re- 
current torsade de pointes. 

Clinical implications: It should be emphasized that 
our results with large dose procainamide therapy apply 
specifically to recurrent ventricular tachyarrhythmia 
not related to acute ischemia. The predictive value of 
electrophysiologic drug testing is valid only for the 
electrophysiologic milieu at the time of testing. The 
occurrence of a subsequent acute ischemic event might 


result in a ventricular tachyarrhythmia that may not be 
suppressed by the long-term oral regimen devised for 
recurrent nonischemic ventricular tachyarrhythmia. 

Nevertheless, we have found that (1) large dose pro- 
cainamide therapy is often effective in the treatment 
of recurrent inducible ventricular tachyarrhythmia, (2) 
this improved efficacy over smaller dose therapy may 
be achieved without an increased incidence of toxic or 
intolerable adverse effects, and (3) large dose procain- 
amide therapy with electrophysiologic drug testing is 
an important therapeutic alternative to treatment with 
experimental antiarrhythmic agents, pacemakers or 
surgery for these arrhythmias. 
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The antiarrhythmic efficacy and pharmacokinetics of N-acetylprocain- 
amide (NAPA), the major metabolite of procainamide, were investigated 
in 23 patients with chronic, high frequency ventricular ectopic depolar- 
izations. An extensive trial design incorporated the approaches of (1) 
generation of dose-response relations, (2) randomized crossover, and 
(3) prolonged electrocardiographic monitoring. Seven patients with re- 
producible suppression of arrhythmias (70 percent or greater reduction 
in frequency) were thus identified. The mean plasma concentration of 
acecainide associated with efficacy was 14.3 ug/ml (range 9.4 to 19.5) 
and with side effects (primarily gastrointestinal) was 22.5 ug/ml (10.6 
to 37.9). The antiarrhythmic response to procainamide did not predict 
response to acecainide; this finding implies that estimates of the antiar- 
rhythmic contribution of acecainide concentrations achieved during 
long-term procainamide therapy are unlikely to be meaningful in a given 
person. The mean half-life of elimination after a single 500 mg dose of 
acecainide was 7.5 hours; this had prolonged significantly (p <0.05) to 
10.3 hours after higher dosages. No variable examined (including acet- 
ylator phenotype) was found to be a predictor of responsiveness to ace- 
cainide. Outpatient therapy (2 to 20 months) was not associated with the 
development of antinuclear antibodies or the lupus syndrome; one patient's 
procainamide-induced arthritis resolved during therapy. Acecainide, unlike 
procainamide, is an agent whose pharmacokinetics allow long-term 
therapy on a practical schedule. It is effective in a subset of patients with 
ventricular arrhythmias yet appears much less likely to induce the lupus 
syndrome seen with the parent compound. 


Currently available antiarrhythmic agents have a high incidence rate 
of adverse effects and often must be given on an inconveniently frequent 
dosing schedule to maintain adequate serum concentrations. Procain- 
amide is one such agent.! It is useful in the control of acute arrhythmias, 
but its applicability in long-term outpatient therapy is severely limited 
by its narrow therapeutic window and short half-life of elimination, re- 
quiring dosing every 3 or 4 hours. In addition, in many patients, partic- 
ularly those of a slow acetylator phenotype, a lupus erythematosus-like 
syndrome eventually develops.? 

During procainamide therapy, patients of a rapid acetylator phenotype 
and those with renal failure may generate higher concentrations of the 
N-acetylated metabolite (Fig. 1) than of the parent drug.? N-acetyl- 
procainamide (acecainide, NAPA®) is, in fact, the major metabolite of 
procainamide and is eliminated more slowly than procainamide even 
in subjects with normal renal function.‘ It has antiarrhythmic activity 
in animal models? and in human beings; and its electrophysiologic ef- 
fects are quite different from those of procainamide.7? Many clinical 
laboratories now report both procainamide and acecainidé plasma 
concentrations when a plasma procainamide determination is requested; 
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FIGURE 1. Structure of procainamide and its major metabolite ace- 
cainide (N-acetylprocainamide). 


however, very few data are available that would allow 
interpretation of such acecainide concentrations. 

We evaluated the antiarrhythmic response to pro- 
cainamide and then assessed the efficacy, safety and 
pharmacokinetics of increasing dosages of acecainide 
in 23 patients with ventricular arrhythmias. An exten- 
sive inpatient protocol was used to determine antiar- 
rhythmic efficacy in each patient. We also report the 
results of long-term acecainide therapy in those in whom 
a reproducible antiarrhythmic response was identified. 
The pharmacokinetics of acecainide were studied in 
most patients and dose-response and plasma concen- 
tration-response relations were characterized in all. 


Methods 


Study patients: Patients aged 18 to 70 years with chronic, 
high frequency ventricular arrhythmias without known re- 
versible cause were candidates for this trial. Criteria for ex- 
clusion included recent (less than 6 weeks) myocardial in- 
farction, atrial arrhythmias, prolonged Q- T syndrome, second 
or third degree heart block or unstable concurrent illness. 
Twenty-three patients selected for the trial were admitted to 
the Clinical Research Center at Vanderbilt University Hos- 
pital. Antiarrhythmic medication was withdrawn, and acet- 
ylator phenotype was determined as previously described.? 

Determination of response to procainamide: Before 
initiation of acecainide therapy, response to a standardized 
infusion of procainamide was assessed. After the insertion of 
two intravenous catheters (one for drug administration and 
one in the opposite arm for plasma sampling), patients were 
allowed to lie quietly during a 30 to 60 minute control period. 
A procainamide loading infusion of 275 ug/kg per min over 25 
minutes was begun at a time that was not apparent to the 
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FIGURE 2. Trial design. Baseline evaluation during placebo (P) ad- 
ministration was followed by a dose-ranging phase in which patients 
and dosages for the crossover study of efficacy were selected. Phar- 
macokinetics were studied immediately before and after the dose- 
ranging phase. Ambulatory electrocardiographic (ECG) recording was 
perfor 'at each steady state during dose ranging and throughout the 
crassOver study. 
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patient. Responsiveness was expressed as a percent reduction 
in frequency of ventricular ectopic depolarizations, comparing 
the mean of the 6 to 12 five minute control periods with the 
mean of the final 2 five minute periods of the loading infusion. 
If 70 percent or greater reduction in frequency of arrhythmias 
or adverse reactions were not documented after the initial 
loading infusion or a subsequent 30 minute maintenance 
infusion, a second, 10 minute loading infusion was adminis- 
tered (275 ug/kg per min). Plasma concentrations were mea- 
sured after each loading infusion to ensure that adequate 
levels were achieved. 

Acecainide protocol: After 1 to 2 days of stabilization of 
arrhythmia frequency in the hospital, a baseline 12 hour (9 
a.m. to 9 p.m.) ambulatory electrocardiogram with the patient 
receiving placebo therapy was recorded for analysis of ar- 
rhythmia frequency. The acecainide trial was conducted in 
two stages (Fig. 2): Stage I was a dose-ranging trial designed 
to identify patients likely to show an antiarrhythmic response. 
Stage II was a single blind, placebo-controlled crossover trial 
for verification of efficacy. Tablets of 500 mg of acecainide or 
identical placebo (both supplied by Arnar Stone Laboratories, 
Inc., McGaw Park, Illinois) were used throughout; dosing in 
the hospital was on a 6-hourly basis, starting daily at 9 a.m. 
A questionnaire designed to elicit adverse effects was ad- 
ministered daily by a nurse unaware of the current treatment 
regimen. 

At 9 a.m. of the first day of Stage I, patients received 500 mg 
of acecainide, and plasma samples were taken at intervals 
thereafter for 24 hours for assessment of acecainide pharma- 
cokinetics. Placebo was given the rest of day 1. Active therapy 
began with 500 mg every 6 hours at 9 a.m. on day 2. In patients 
10 to 23, the initial dosage was increased to 1,000 mg every 6 
hours because no antiarrhythmic response to 500 mg every 6 
hours was seen in the first nine patients. The dosage was 
continued until near steady-state conditions were assumed 
to be present (2 days in patients with normal renal function, 
longer in those with decreased creatinine clearance). 

A 12 hour ambulatory electrocardiogram was then again 
recorded (9 a.m. to 9 p.m.) and the dosage increased by 500 mg 
every 6 hours. Dose-ranging continued in this fashion (2 or 
more days per dose, 12 hours of electrocardiographic recording 
at steady state) until adverse reactions were encountered, 
arrhythmia suppression (to less than 30 percent of control 
frequency) was documented, or a maximal dosage of 2,500 mg 
every 6 hours was reached. Plasma samples were obtained 
daily before the 9 a.m. dose. On the post-recording day of the 
highest tolerated dosage, active drug was given at 9 a.m. and 
placebo was then substituted. Multiple samples were again 
taken for determination of plasma concentration while ar- 
rhythmia frequency was monitored. 

Patients who appeared to respond at a given dosage then 
entered a crossover study comparing the antiarrhythmic ef- 
fect of 5 days of that acecainide regimen to 5 days of placebo 
therapy administered in random order. If drug efficacy (70 
percent or greater suppression of ventricular ectopic depo- 
larizations) was confirmed, the patients were discharged and 
outpatient therapy was continued. 

Arrhythmia frequency was determined by computer 
analysis of taped eleetrocardiographic data using a previ- 
ously verified template matching algorithm.? This technique 
counts episodes of ventricular couplets, triplets and longer 
runs of ventricular tachycardia as well as isolated ventricular 
ectopic depolarizations. 

Antinuclear antibody (Meloy Kit®, Meloy Laboratories, 
Springfield, Virginia) was graded on a scale from 0 to 4+. 
Because of possible interobserver variability in interpreting 
the fluorescence generated during each test, antinuclear 
antibody was considered absent if reported consistently as 0 
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to 1+ and considered present if consistently reported as 3 to 
4+. A grade of 2+ in isolation was considered negative unless 
a second test result was 2-- or greater. 

Electrocardiograms were obtained at 11 a.m. on the initial 
placebo treatment day and on the last day of the largest dosage 
regimen achieved (with simultaneous blood sample). Intervals 
(P-R, QRS, Q-T) were measured, and the rate-corrected Q-T. 
interval (Q-T/4/ R-R) was calculated by a blinded observet 
for each slacthocardisusarn: 

Pharmacokinetic analysis: Samples were taken at 0, 0.5, 
1, 1.5, 2, 3, 4, 6, 8, 11, 14 and 24 hours after the first and last 
doses of acecainide during dose-ranging. Concentrations were 
measured using a previously described high performance 
liquid chromatography assay!? that used N-formylprocaina- 
mide as an internal standard. An elimination constant (ke) 
was determined for each patient by calculating the slope of 
the least squares fit to the terminal portion of a log-linear plot 
of concentration versus time (elimination half-life = 1n2/ 
ka). 

Outpatient evaluations: Patients discharged on acecainide 
therapy were seen monthly or more often if necessary. As- 
sessment of arrhythmia frequency (over 30 to 120 minutes just 
before a dose) and screening laboratory tests (including an- 
tinuclear antibody testing) were performed at each visit. 
Compliance was evaluated by pill counts and monitoring of 
trough plasma levels. 

Statistical analysis: Correlation coefficients between 
continuous variables (such as creatinine clearance and elim- 
ination half-life) were calculated by standard least squares 
techniques. Groups of paired data (comparison of ventricular 
ectopic depolarization frequency for the corresponding hours 


v 





in the active treatment and placebo phases of stage Dom. 
parison of two values for elimination half-life in the same 
patient) were compared using the two-tailed Student's t test 
for paired data or the Wilcoxon signed rank test for nonnor- 
mally distributed samples. Comparisons between group 
characteristics of responding and nonresponding patients were 
made with two-tailed unpaired t tests, chi-square tests or 
Fisher's exact test, whichever was appropriate for each vari- 
able. A probability (p) value of less than 0.05 was considered 
sufficient to reject the null hypothesis. 

Protocol modification: Pharmacokinetic studies were 
omitted if hemodynamically significant ventricular tachy- 
cardia occurred during placebo therapy. The occurrence of 
such arrhythmia during therapy prompted increases in dos- 


age, or, if the administered dosage was 6 g/day or greater, - 


termination of the trial. 


Results 


Clinical features of patients (Table I): The most | 


common associated heart disease in the 23 patients was 
coronary atherosclerosis. Eleven patients had a history 
of ventricular tachycardia; nine of these were symp- 


tomatic with syncope or near-syncope and six had pre- — 


viously required direct current electric shock. Twelve 


had had three or more previous drug trial failures. - 


Concurrent medication (including digitalis in two pa- 


tients) was kept constant throughout the trial. Two 


patients, both with a history of well documented re- 
sponsiveness to the combination of phenytoin and 
procainamide, underwent testing with acecainide-and 


TABLE | 
Patient Characteristics on Entry to the Trial 
History 
Known Previous Drug Procain- of Drug- 

Age Type of Duration History Regimen Acetyl- amide Posi- Induced Baseline 

(yr) Heart of of Failures ator Pheno- Response* tive Lupus VED/ 12 hr 
& Sex Disease Arrhythmia VT (n) type (96) ANA Syndrome (n) 

Patients With Confirmed Response to Acecainide 
42F Unknown 2 yr Yes 4 Slow 115 Yes Yes 4,690 
57M ASCVD 2mo No 0 Slow 96.7 Yes No 5,128 
56M ASCVD 1 mo Yes 0 Fast 71.7 No No 2,859 
53M ASCVD 5 mo No 2 Slow 10.1 No No 15,891 
48M ASCVD 5 yr No 3 Slow 37.0 No Yes 2,292 
31F MVP 2 yr No 4 Slow 0.0 Yes Poss 7,343 
69M Cardio- 3 mo Yes 1 Fast 10.4 No No 4,735 
myopathy 
Patients With No Response to Acecainide 

55F MVP 2 yr No 5 Slow 73.3 No No 4,220 
33F Unknown 16 yr Yes 5 Fast T Yes No 11,390 
59M ASCVD i 5 mo No 0 Unknown + No No 3,712 
44F Unknown 2 yr No 2 Slow 0.8 No Poss 6,178 
54M ASCVD 2 yr No 3 Slow 6.9 Yes No 13,221 
51F MVP 2 yr No 1 Slow 0.0 Yes No 11,297 
58M ASCVD 2 yr No 1 Slow 22.0 Yes No 16,416 
56M ASCVD(?) 6 mo Yes 1 Slow 163.9 No No 16,070 
56M Unknown 20 yr No 3 Slow 0.0 Yes Poss 1,722 
52M ASCVD(?) 6 yr No 0 Fast 43.6 No No 8,636 
67F ASCVD 9 mo Yes 3 Fast 1 Yes Yes 11,757 
59M VP 15 yr Yes 3 Slow 1 Yes Poss 2,505 
59M ASCVD(?) 18 yr Yes 4 Slow 1.6 Yes No 22,136 
31F VP 12 yr Yes 3 Slow 8.6 Yes No 1,661 
65F ASCVD 2mo Yes 4 Fast 19.7 No No 6,066 
60M ASCVD 6 mo Yes 2 Fast 0.0 Yes Yes 1,781 


* Frequency of ventricular ectopic depolarizations (percent of control) during intravenous procainamide infusion. * Infusion stopped early because 


of increasing ectopy. * Partial (see text for explanation). 
ANA- antinuclear antibody; ASCVD = ather 
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therosclerotic cardiovascular disease; MVP = mitral valve prolapse; PA = procainamide; Poss Sipe 
VED = ventricular ectopic depolarizations; VT = ventricular tachycardia; (?) = 


probable; ... = not done. 
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| latef with the combination of acecainide and a constant 
dosage of phenytoin. 
Response to intravenous procainamide: This re- 
sponse was tested in 20 patients. Two others had been 
- successfully maintained free of previously symptomatic 
ventricular tachycardia but had persistent isolated 
- ventricular ectopic depolarizations during long-term 
j procainamide therapy; they were classified as “partial” 
- responders. In one patient, who had only rare arrhyth- 
| mia when recumbent during control periods, testing by 
. infusion was not performed. Fourteen of the 22 patients 
à whose response was assessed were responsive to pro- 
. cainamide. The mean peak procainamide concentration 
- among nonresponders was 9.8 ug/ml and in only two was 
- the peak concentration less than 8 ug/ml (7.7 and 6.8, 
- respectively). Acecainide concentrations were negligible 
-. (less than 0.5 ug/ml) throughout the infusions although 
- higher concentrations (3.05 to 8.67 ug/ml) were recorded 
- in the two partial responders during long-term pro- 
— cainamide therapy. 
_ Response to acecainide: Eleven of the 23 patients 
- demonstrated a possible response to acecainide during 
dose-ranging and entered the crossover portion of the 
- study. In 6 of these 11 the efficacy of acecainide was 
- clearly redocumented during the crossover study; these 
- 6 had a mean reduction in ventricular ectopic depolar- 
ization frequency to 10.3 percent (range 2.5 to 21.1) of 
the placebo control level. Three patients showed slight 
asymptomatic increases in ventricular ectopic depo- 
larization frequency. The 10th crossover trial was ter- 
minated early because of recurrence of ventricular 
j tachycardia during acecainide therapy (1,500 mg/6 
e hours). The 11th trial demonstrated a statistically 
4 highly significant reduction in ventricular ectopic de- 
— polarization frequency but to only 70 percent of the 
. control level. When it was discovered that, through a 
. nursing error, the patient received active drug during 
- a portion of the placebo phase, outpatient therapy was 
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FIGURE 3. Dose-response relation in the seven patients whose initial 
response to acecainide was confirmed during the crossover study. The 
. ordinate expresses the frequency of ventricular ectopic depolarizations 
_ (VED) as eercent of the frequency during the placebo baseline pe- 
riod. . 
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continued; in-hospital evaluation at 6 months did 
demonstrate efficacy (see later). The dose-response 
plots for the seven confirmed responders are shown in 
Figure 3. Four of these seven also had couplets or ven- 
tricular tachycardia during placebo periods. These 
complex arrhythmias were 95 to 100 percent suppressed 
during acecainide treatment. The order of randomiza- 
tion did not affect the outcome of the crossover trial. 
The range of trough serum concentrations observed at 
dosages producing 70 percent or greater suppression of 
ventricular ectopic depolarizations in these seven pa- 
tients was 9.4 to 19.5 ug/ml (mean + standard error of 
the mean [SEM] 14.3 + 3.3). Response to procainamide 
did not predict the response to acecainide. Four of the 
7 who responded to acecainide were procainamide- 
resistant, whereas 11 of 15 patients sensitive to pro- 
cainamide showed no response to acecainide. 

Pharmcokineties: Fifteen patients had determi- 
nations of serial acecainide concentrations after a single 
500 mg dose of acecainide. The elimination half-life 
ranged from 3.1 to 11.4 hours, (mean + standard de- 
viation [SD] 7.5 + 2.2). Half-life was also determined 
after the final dose in 16 patients (mean 10.3 + 2.7 [SD] 
hours). 'There was a significant (p «0.05) increase in the 
elimination half-life in the 11 patients who had both 
determinations. Low concentrations of procainamide 
(less than 2 ug/ml) were detectable in plasma during 
acecainide therapy. 

No correlation was found between creatinine clear- 
ance and acecainide elimination half-life determined 
either before or after dose-ranging. Creatinine clearance 
correlated well with steady state plasma concentration 
in seven patients who received long-term dosing at 500 
mg every 6 hours (r = —0.83, p = 0.02), but at higher 
dosages, the relation between steady state concentration 
and creatinine clearance was far weaker (r = —0.47 to 
—0.55). 

Electrocardiograms: All patients had an increase 
in Q- T, duration (mean + SEM 20.7 + 2.3 percent) 
during acecainide therapy, but no statistically signifi- 
cant correlation between degree of prolongation and 
plasma concentration of acecainide was observed. In two 
patients with bundle branch block who underwent 
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FIGURE 4. Cumulative dose-response plots showing the concentrations 
at which a 70 percent or greater reduction in frequency of ventricular 
ectopic depolarizations (VED) occurred and those at which adverse 
effects occurred. 
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dose-ranging, no additional QRS prolongation was 
noted at concentrations of 17.3 to 37.5 ug/ml. 

Adverse effects: Serial routine laboratory testing 
revealed no changes. Seven patients exhibited dose- 
related side effects during inpatient testing. These in- 
cluded gastrointestinal symptoms (nausea, abdominal 
pain) in five patients, dizziness in two and nervousness 
and blurred vision in one patient each. The range of 
acecainide concentrations at which side effects were 
noted was 10.6 to 37.9 ug/ml (mean + SEM 22.5 + 3.3). 
In one patient a pruritic maculo-papular rash developed 
during therapy but resolved when administration of 
acecainide was discontinued. 

Curves relating plasma concentration to cumulative 
response and to adverse effects (in different sets of 
patients) are shown in Figure 4. The range of concen- 
trations associated with reproducible arrhythmia sup- 
pression in these patients appeared to carry a risk of 
adverse effects of about 50 percent. 

Predictors of acecainide responsiveness: Multiple 
indicators were examined as possible predictors of re- 
sponsiveness to acecainide. These included acetylator 
phenotype, age, sex, baseline arrhythmia frequency, 
past history of ventricular tachycardia, number of 
previous ineffective drug regimens, type cf heart disease 
and creatinine clearance. No significant difference in 
any of these variables was found between confirmed 
responders and nonresponders to acecainide. Re- 
sponders and nonresponders also did not differ in the 
degree of Q- T, prolongation during treatment, nor was 
any difference observed between the two groups in the 
trough plasma concentrations achieved at any dosage 
regimen. No changes in arrhythmia control or acecai- 
nide plasma concentrations were noted during con- 
current administration of phenytoin (two patients), 
warfarin (two patients) or large doses of aspirin (one 
patient). 

Outpatient therapy: Six of the seven responders 
were discharged from the hospital on acecainide ther- 
apy. The discharge regimen was 1 to 2 g every 6 hours 
in all six, including one patient who was receiving the 
combination of phenytoin, 100 mg, and acecainide, 1,500 
mg, every 6 hours. Therapy in three patients continues 
at 14, 16 and 20 months. The patient whose crossover 
stage was rendered uninterpretable by a medication 
error was restudied at 6 months. At that time acecainide 
produced 50.5 percent suppression of ventricular ec- 
topic depolarizations with abolition of complex ar- 
rhythmias (couplets) and therefore therapy was con- 
tinued. All three patients are free of adverse effects. 

In one patient a pruritic rash and periorbital swelling 
developed after 3 months of treatment. Therapy was 
discontinued and arrhythmia did not return; the rash 
resolved. Another patient had to stop therapy at 2 
months because of gastrointestinal side effects at anti- 
arrhythmic dosages. The sixth was found dead at home 
after 8 months of therapy. Compliance was excellent in 
all patients except the last, whose pill count was only 57 
percent of that expected. 

Four of these six outpatients were of a slow acetylator 
phenotype. Two of these four had on entry to the trial 
antinuclear antibodies that were no longer evident at 


f 


2 and 3 months, including one patient whose e E 
amide-induced arthritis resolved. In the other two pa- 
tients antinuclear antibodies have not developed at 16 
and 20 months; one of these patients did have a previous 
history of definite drug-induced lupus erythematosus 
4 months after the initiation of procainamide therapy. 
Two of the six patients discharged on acecainide ther- 
apy were of a rapid acetylator phenotype. One, a 68 year 
old man who had previously been treated with pro- 
cainamide, entered the trial with a positive antinuclear 
antibody test that persists at 14 months. The second, 
the patient who died at 8 months, had at his last visit a 
2+ (ambiguous) antinuclear antibody test that could 
not be repeated because of his death. 


Discussion 


An ideal antiarrhythmic agent would have efficacy 
in a large subset of patients with ventricular arrhyth- 
mias, kinetics suitable for infrequent dosing and a 
minimum of associated adverse reactions. Acecainide 
may fulfill some of these requirements. 

Elimination half-life: The elimination phase half- 
life of acecainide has previously been shown to be 6.0 
hours in normal volunteers.* Atkinson et al. reported 
a longer elimination half-life (mean 10.9 hours) in 10 


patients being treated with acecainide, and attributed - 


this difference to decreased renal function in the patient 
group. Although in our study group the mean half-life 
was longer than that in normal subjects, no consistent 
correlation between elimination half-life and creatinine 
clearance was documented. These data suggest that 
factors other than glomerular filtration rate alone (such 
as other mechanisms of elimination or variable volumes 
of distribution) played a role in determining the vari- 
ability of half-life of elimination. 

Antinuclear antibody development: The time 
course and frequency of occurrence of procainamide- 
induced antinuclear antibodies has been evaluated. In 
one study;? all 11 subjects of a slow acetylator phenotype 
manifested antinuclear antibodies by 6 months; in nine 
subjects of a rapid acetylator phenotype the develop- 
ment of antinuclear antibodies occurred significantly 
later. However, in four subjects of a slow acetylator 
phenotype in that study, long-term acecainide therapy 
did not produce antinuclear antibodies by 2 to 20 
months, and in two of the four including one whose 
symptoms of drug-induced lupus erythematosus re- 
solved during acecainide therapy, procainamide-in- 
duced antinuclear antibodies resolved. These findings 
support our previously stated hypothesis that pro- 
cainamide acetylation to acecainide is a protective 
pathway and that, in the presence of slow rates of 
acetylation, other potentially more reactive and toxic 
metabolites may be formed.!! 

Electrophysiologic effects: The electrophysiologic 
effects of acecainide differ from those of procainamide 
in tissue and animal models.^? The major effect of 
acecainide, prolongation of the action potential duration 
(without the changes in phase 0 and phase 4 induced by 
procainamide), is probably responsible for the length- 


ening of the Q-T, interval seen in our patients. Such- ~ 
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a resides in electrophysiology may explain the lack 
of correlation between the antiarrhythmic activity of 
acecainide and procainamide. During long-term pro- 
cainamide therapy, steady state acecainide concentra- 
tions are generally lower than those required in our 
study for 70 percent or greater suppression of ventric- 


ular ectopic depolarizations. However, greater acecai- 


nide concentrations may occasionally be recorded in 
patients with renal failure (whose excretion of pro- 
cainamide is impaired) or those of a very rapid acety- 
lator phenotype. In such patients, some of the clinical 
effects of procainamide administration may be due to 
the presence of acecainide, permitting prolonged dosing 
intervals or inducing toxicity.? In individual patients, 
synergistic, antagonistic or toxic effects are possible. 
Thus, interpretation of acecainide concentrations 
during procainamide administration, although occa- 
sionally valuable in preventing accumulation of toxic 
concentrations, cannot be generalized to all patients. 
Clinical implications: The methodology of antiar- 
rhythmic drug trials is still in a state of development. 


_ Although the major aim of antiarrhythmic therapy is 


to decrease the likelihood of sudden death, initial trials 


. of potentially useful agents must have much more lim- 


ited yet important objectives. The patient with high 


- frequency stable ventricular arrhythmias thus serves 


as a model permitting generation of the pharmacoki- 
netic and pharmacodynamic information necessary for 
the widespread use of a drug. The applicability of this 
model to sudden death has not been established for any 
antiarrhythmic agent (conventional or investigational). 
There remains controversy over the criteria to be used 
in determining drug efficacy within this paradigm. In- 


. vestigators have used arbitrary reductions in frequency 


of ventrieular ectopic depolarizations as well as grading 


_ systems for “malignancy” of arrhythmia before and 
. after therapy. The criterion used in our study, 70 per- 


cent or greater reduction in the frequency of isolated 
ventricular ectopic depolarizations, was associated with 
total suppression of more complex arrhythmias during 
a trial of propranolol.!? This phenomenon was also ob- 
served in patients responding to acecainide in our 
study. 

Because of variability in frequency of arrhythmias, 
prolonged periods of monitoring, particularly in patients 
with a low frequency of arrhythmia, may be required to 
assess the response to a single drug regimen.!? Our trial 
attempted to define the maximal degree of drug-in- 
duced arrhythmia suppression feasible by comparing 
a preselected, individualized dosage of acecainide with 
placebo in patients with high frequency chronic ar- 
rhythmias. In this way, changes in arrhythmia fre- 
quency were attributable to acecainide and not to a 
placebo effect. The demonstration of a dose-response 
relation is powerful additional evidence of a true drug 
effect. 

The favorable pharmacokinetics, the lack of severe 
early or late toxicity, particularly the probable lack of 
the drug-induced lupus syndrome, and the demon- 
stration of efficacy in a subset of a drug-resistant pop- 
ulation, suggest that acecainide may be a useful anti- 
arrhythmic agent. It has yet to undergo trials in an un- 
selected population of patients with ventricular ar- 
rhythmias to compare its efficacy and safety with that 
of standard agents. Major differences in pharmacoki- 
netics, electrophysiology, antinuclear antibody indu- 
cibility and antiarrhythmic activity have now been 
documented between procainamide and its major me- 
tabolite acecainide. 
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In two groups, each comprising 10 patients with advanced coronary artery 
disease, disopyramide, 2 mg/kg over a period of 5 minutes, or lidocaine, 
100 mg as a bolus dose, was injected intravenously. Disopyramide in- 
creased diastolic and mean arterial pressures significantly because of 
its vasoconstrictive properties. Cardiac index decreased from 3.7 + 0.3 
to 3.2 + 0.1 liters/min per m? at 10 minutes and to 3.1 + 0.2 30 minutes 
after the injection was begun. After lidocaine no changes in hemodynamic 
variables were observed. 

Disopyramide revealed potent coronary constrictive activity, whereas 
lidocaine was a mild coronary vasodilator. Coronary blood flow increased 
significantly from 68.2 + 4.3 ml/min X 100 g to 74.8 + 4.1 directly after 
injection of 100 mg lidocaine and to 75.5 + 5.0 25 to 30 minutes later. 
Disopyramide decreased coronary blood flow significantly from 73.8 + 
3.8 to 67.8 + 2.7 ml/min X 100 mg during the 5 minute period after drug 
infusion. Coronary vascular resistance increased very significantly from 
0.94 + 0.1 to 1.14 + 0.1 units. Because of an extreme increase in the 
arterial-coronary sinus oxygen difference, myocardial oxygen consumption 
(MVO;) increased at the same time from 9.9 + 0.6 to 10.6 + 0.5 ml/min 
X 100 g. At 25 to 30 minutes after the start of the disopyramide infusion 
MVO: increased significantly to 11.9 + 0.6 because the coronary blood 
flow increased to 79.1 + 2.8. However, the arterial-coronary sinus oxygen 
difference remained significantly elevated and coronary vascular resis- 
tance declined only moderately. Myocardial lactate extraction did not 
change. Apparently a metabolism-induced dilatation in coronary vascu- 
lature actually overcomes the vasoconstriction by disopyramide and 
prevents serious myocardial ischemia, but a vasoconstrictive effect of 
disopyramide is still present. The potent coronary constrictive activity 
of intravenous disopyramide in the presence of increased myocardial 
oxygen need may be hazardous in specific clinical situations. 


Disopyramide phosphate has proved to be a useful antiarrhythmic drug, 
usually more effective in ventricular than in supraventricular arrhyth- 
mias. Because this drug can be administered intravenously as well as 
orally, it can be used in both emergency and long-term therapy of ar- 
rhythmias.! 

Although the hemodynamic effects of disopyramide?-? and lido- 
caine,!°-!2 have been investigated, we know of no studies on the effects 
of disopyramide on the coronary circulation and myocardial metabolism 
of human beings. In animal experiments, disopyramide produced a 
dose-dependendent decrease in coronary blood flow.? In contrast, lido- 
caine given to human subjects caused an increase in coronary perfusion.? - 
In unanesthetized dogs, lidocaine administered before and during cor- 
onary arterial occlusion produced differing results, depending on the 
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dosage used.!^ At low dosage, lidocaine caused an in- 
crease in coronary blood flow, whereas administration 
of 2 mg/kg intravenously resulted in a decrease. How- 
ever, because arterial-coronary sinus oxygen content 
differences were not measured in the investigations with 
either lidocaine or disopyramide, the effects of these 
drugs on myocardial oxygen consumption are still un- 
clarified. 

The present study was undertaken to evaluate the 
effects of intravenously administered disopyramide on 
coronary blood flow, myocardial oxygen consumption, 
myocardial lactate extraction and systemic hemody- 
namics. For comparison, the same measurements were 
made in another group of patients after intravenous 
injection of lidocaine, the standard intravenous anti- 
arrhythmic agent. 


Methods 


Patients: Nine men and one woman, aged 38 to 57 years 
(average 46), were studied with disopyramide; four of these 
patients had a history of myocardial infarction. Seven men 
and three women, aged 42 to 58 years (average 50), were 
studied with lidocaine; seven of them had a history of myo- 
cardial infarction. All had normal sinus rhythm and none 
showed clinical evidence of congestive heart failure at the time 
of the study. Measurements were always made before diag- 
nostic left ventriculography and selective coronary angiog- 
raphy. All patients had a clinical history and angiographic 
evidence of advanced coronary artery disease. The ejection 
fractions were comparable in both groups of patients: 0.48 + 
0.14 (mean + standard deviation) in the lidocaine-treated 


TABLE 1 


Systemic Hemodynamic Effects of Intravenous Injection of 
Disopyramide, 2 mg/kg (mean values + standard error of 
the mean) 


Disopyramide 
Contro! D4 Do 
HR (min^ !) 81.6 + 4.3 82.3 + 3.9 81.0 € 3.8 
SBP (mm Hg) 141.5 € 5.7 1458+47  146915.8 
DBP (mm Hg) 82.6 + 3.2 90.9: 3.7* —. 89.11: 3.5* 
MAP (mm Hg) 106.0 + 3.6 112.4 £ 3.8! 112.1 £ 4.17 
LVEDP (mm Hg) 11.0 € 1.5 11.4 € 1.7 9.3 + 1.7* 
CI (L/min per m?) 3.7 X 0.3 3.2 d 0.1* 3.1 X: 0.2* 
SVI (ml/m?) 46.7 + 1.8 38.8+1.4* 38.5 12.0" 
PA, (mm Hg) 24.7 + 2.0 24.6 + 2.1 21.7 + 1.98 
PAg (mm Hg) 9.9+0.9 11.7 + 1.4 9.2 + 1.23 
PAm (mm Hg) 14.5 € 1.2 16.4 + 1.6 14.8 + 1.15 
RVEDP (mm Ho) 5.6 + 0.7 ee 45+0.8 
RA (mm 3.3 + 0.8 ans 2.6 + 0.8 
SWI (g-m/m 82.8 + 4.8 70.8 + 3.2! 72.1 + 4.8 
SVR (units) 15.8 + 0.8 19.7+ 1.1 19.7 + 1.3* 
TTI ed Hg-s/ 2817.0 + 157 2902.0 + 197 2825+ 168 
m 


* p <0.001 and t p «0.01 (comparison before and after disopy- 
ramide). * p «0.01 and ê p «0.05 (comparison between D, and D3). 

Control = control measurements before disopyramide; D, = mea- 
surements 5 minutes after the end of disopyramide injection; Do — 
measurements 30 minutes after the beginning of disopyramide injection; 
DBP = diastolic blood pressure; HR = heart rate; LVEDP = left ven- 
tricular end-diastolic pressure; MAP = mean arterial blood pressure; 
PA, = diastolic pulmonary arterial pressure; PAm = mean pulmonary 
arterial pressure; PA, = systolic pulmonary arterial pressure; RA,, = 
right arterial mean pressure; RVEDP - right ventricular end-diastolic 
pressure; SBP = systolic blood pressure; SVI = stroke volume index; 
SVR = systemic vascular resistance; SWI = stroke work index; TTI 


= tension-time index. 
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group and 0.54 + 0.09 in the disopyramide-treated group. The 
nature of the procedure was explained to all patients and in- 
formed consent was obtained before the study. 

Procedures: All studies were performed in the morning 
after the patient had had a light breakfast. With the patient 
in the supine position a 7 Cournand catheter was inserted into 
the pulmonary artery, using the Seldinger technique. A 7 
Goodale-Lubin cathether was passed into the coronary sinus 
and a 7 multipurpose catheter was introduced by way of the 
femoral artery into the left ventricle or into the thoracic aorta. 
The multipurpose catheter and the Goodale-Lubin catheter 
had identical total inner volumes. 

Pressures were recorded from the left ventricle, aorta, right 
ventricle, right atrium and pulmonary artery by means of a 
Statham P23db strain gauge on a Hewlett-Packard photo- 
graphic recorder. The mean pressure values were determined 
by electronic integration. The common 0 reference level for 
all pressures was set at 5 cm below the sternal angle with the 
patient supine. Pressure readings were always the mean of 10 
beats. 

Cardiac output was determined in duplicate or triplicate 
with the indicator-dilution technique using indocyanine green 
dye. Cardiac index, stroke volume index and systemic vascular 
resistance were computed with standard formulas. 

Left ventricular stroke work index (SWI) in g-m/m? was 
calculated from the following formula: SWI = (SVI [SBP — 
LVEDP]) x 13.6)/1,000, where SVI = stroke volume index in 
ml/m?, SBP = systolic blood pressure in mm Hg and LVEDP 
= left ventricular end-diastolic pressure in mm Hg. 

Tension-time index. was measured with planimetry in mm 
Hg X s/min by determining the area below the pressure curve 
during systole and multiplying it by the heart rate. Each value 
is the mean of 10 individual determinations. 

Coronary vascular resistance in mm Hg/ml per min X 100 
g of myocardial tissue was calculated as the quotient of dia- 
stolic aortic pressure (DAP) minus left ventricular end-dia- 
stolic pressure and coronary blood flow: (DAP — LVEDP)/ 
CBF. 

Coronary blood flow was measured using the argon method 
with gas chromatographic analysis of argon in arterial and 
coronary sinus blood. Details of this method have been pub- 
lished previously.!5-1$ Experiments in intact dogs have 
demonstrated the accuracy of the method for the whole range 
of coronary blood flow up to 500 ml/min X 100 g of myocardial 
tissue. Simultaneous comparison of coronary blood flow de- 
termined with the argon method with that measured using the 
Pitot tube principle resulted in a correlation coefficient of r 
= 0.982.16 The reproducibility of a given argon concentration, 
in blood assessed with gas chromatographic analysis is in the 
range of 40.5 percent.!? Coronary blood flow was calculated 
according to the formula of Kety and Schmidt.!? 

Myocardial oxygen consumption (MVO»;) in ml/min X 100 
g of myocardial tissue was determined as the product of cor- 
onary blood flow (ml/min X 100 g) and the arterial-coronary 
sinus oxygen content difference (vol percent). 

Blood samples for determination of lactate concentrations 
(Biochemica Testkombination, Boehringer, Mannheim, West 
Germany), oxygen content (Lex-O2-Con, Lexington, Massa- 
chusetts) and blood gases (ABL 2, Hillerkus-Radiometer, 
Copenhagen, Denmark) were taken simultaneously from the 
coronary sinus and the aorta. 

Statistical analyses were performed using the Wilcoxon 
signed rank test. All values are mean values + standard error 
of the mean. 

Drug study: After control measurements were made in two 
groups of 10 patients each, disopyramide (D) (2 mg/kg, max- 
imal dosage 150 mg) over a period of 5 minutes or lidocaine 
(L)/(100 mg as a bolus dose) within 1 minute was injected into 


Volume 46 


the pulmonary artery. Immediately thereafter measurements 
(Dı and Lı) were made, first of coronary blood flow and met- 
abolic data and then of pressures and cardiac index. Second 
measurements (Ds and Lo) were taken in the same manner 25 
minutes after commencement of injection of the respective 
drug. 


Results 


Hemodynamics 


In the following discussion of the results any direct 
reference to numerical changes implies a statistically 
significant change. 

Effects of disopyramide (Table I, Fig. 1): In 3 of 
10 patients, the initial left ventricular end-diastolic 
pressure was greater than 12 mm Hg (in 2 patients this 
elevation was due to a prominent A wave). No further 
increase occurred after administration of disopyramide 
in the patients with or without elevated end-diastolic 
pressure and, in fact, 30 minutes after injection of di- 
sopyramide (Dg), this pressure decreased slightly when 
compared with the level in D;. (Because of difficulties 
in passing the aortic valve, left ventricular end-diastolic 
pressure after disopyramide injection was measured in 
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FIGURE 1. Effects of disopyramide (D), 2 mg/kg, and lidocaine (L), 100 
mg intravenously, on hemodynamic variables in two groups, each 
comprising 10 patients with coronary artery disease. Values shown are 
mean values + standard error of the mean. C = control measurements 
before injection, D4 and L4 = measurements 5 minutes after the in- 
jection was finished and Dz and Lọ = measurements 30 minutes after 
the injection was begun. Cl = cardiac index; HR = heart rate; LVEDP 
= left ventricular end-diastolic pressure; MAP = mean arterial pres- 
sure. 
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I 
only nine patients.) Diastolic arterial ah ÜÓ 
greater than 95 mm Hg in two patients (96 and 97 mm 
Hg, respectively). Diastolic and mean arterial pressures 
increased immediately (D4) and 30 minutes after (Də) 
injection of disopyramide. The cardiac index decreased 
from 3.7 + 0.3 to 3.2 + 0.1 (Di) and to 3.1 + 0.2 (Ds) li- 
ters/min per m? and stroke volume index from 46.7 + 
1.8 to 38.8 + 1.4 (Di) and 38.5 + 2.0 (D2) ml/m?, whereas 
the heart rate remained constant. Stroke work index 


. decreased from 82.8 + 4.8 to 70.8 + 3.2 (Di) and to 72.1 


+ 4.8 (D2) g-m/m? because of the reduction in stroke 
volume index. Decreased cardiac index and increased 
mean arterial pressure led to an increase in systemic 
vascular resistance from 15.8 + 0.8 to 19.7 + 1.1 (D4) and 
to 19.7 + 1.3 (Də) units. Tension-time index did not 
change significantly. 

Effects of lidocaine (Table II, Fig. 1): In 3 of 10 
patients the initial left ventricular end-diastolic pres- 
sure was 12 mm Hg or higher; diastolic arterial pressure 
was greater than 95 mm Hg in 2 patients (100 and 108 
mm Hg, respectively). In comparison, the control values 
for cardiac index, heart rate, arterial pressure and left 
ventricular end-diastolic pressure were lower in the 
lidocaine-treated group than in the patients given di- 


sopyramide. After injection of lidocaine no changes in 


hemodynamic variables were observed, except for a 
slight decrease in mean pulmonary arterial pressure. 


Coronary Blood Flow and Metabolic Effects 

Effects of disopyramide (Table III, Fig. 2A and 
3A): In the control period, coronary blood flow was 73.8 
+ 3.8 ml/min X 100 g of myocardial tissue. Immediately 
after disopyramide injection (D;), the flow decreased 
to 67.8 + 2.7 ml/min X 100 g but, 25 to 30 minutes after 
the start of the injection (Dy), it increased to 79.1 + 2.8. 
The coronary vascular resistance increased temporarily 


TABLE Il 


Systemic Hemodynamic Effects of Intravenous Injection of 
Lidocaine, 100 mg (mean values + standard error of 
the mean) 


Lidocaine 
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HR (min) 
SBP (mm Hg) 
DBP (mm Hg) 77.6 
MAP (mm Hg) 100.8 
LVEDP (mm Hg) 8.7 
CI (L/min per m?) 2.8 
SVI (ml/m?) 37.6 
PA, (mm Hg) 24.0 
PAg (mm Hg) 8.4 
5.6 
3.8 
3.0 
4.4 
9.7 
0.0 
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PAm (mm Hg) 19; 
RVEDP (mm Hg) 

RA, (mm Hg) 

SWI (g-m/m^) 64. 
SVR (units) 19. 
TTI (mm Hg:s/min) 277 


* p «0.02. 

Cóntrol — control measurements before lidocaine injection; L4 — 
measurements 5 minutes after the end of lidocaine injection; L5 = 
measurements 30 minutes after the beginning of lidocaine injection. 
Other abbreviations as in Table I. j 
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` 
is iu 
Coronary and Metabolic Effects of Disopyramide (mean 
values + standard error of the mean) 





Disopyramide 
Control D4 ; D2 
CBF (ml/min X 100 g) 73.8 + 3.8 67.8 + 2.7* 79.1 X 2.8! 
(a-cs) DO; (vol %) 13.5 0.4 15.6 + 0.3ł 15.0 X 0.4łt 
CVR (units) 0.94 + 0.1 1.14 0.1} 1.03 0.15 
MVO; (ml O/min X 99+06 106+05 119+ 0.65! 
100 9) 

a 83.2 +3.7 8144 3.2 82.5234 

cs 19.6 +40.5 15.5 + 0.6! 16.8 + 0.6 
Lactate (%) 22401 5.33 29.4++6.2 26.3 + 8.9 


* Probability (p) <0.05 (comparison before and after disopyramide). 
t p <0.01 (comparison between D, and D2). * p <0.001 (comparison 
before and after disopyramide). $ p «0.05 (comparison between D, and 
D3). | p <0.01 (comparison before and after disopyramide). 

a = arterial blood sample; (a-cs)DO2 = arterial-coronary-sinus 
oxygen difference; CBF = coronary blood flow; Control = control 
measurements before disopyramide; cs — coronary sinus blood sample; 
CVR = coronary vascular resistance; D4 = measurements directly after 
the end cf disopyramide injection; Do — measurements 25 minutes after 
the beginning of disopyramide injection; Lactate — myocardial lactate 
extraction; MVO, = myocardial oxygen consumption; Po? = oxygen 
tension. 


from 0.94 + 0.1 to 1.14 + 0.1 units (D1), but then de- 
creased to 1.03 + 0.1 units at Do (Fig. 2A). The arte- 
rial-coronary sinus oxygen difference increased from 
13.5 + 0.4 to 15.6 + 0.3 vol percent (D1), and to 15.0 + 
0.4 at D» (Fig. 3A). The coronary sinus PO»? decreased 
from 19.6 + 0.5 to 15.5 + 0.6 mm Hg (D1) and to 16.8 + 
0.6 (Ds). Myocardial oxygen consumption increased 
from 9.9 + 0.6 to 11.9 + 0.6 ml O2/min X 100 g of myo- 
cardial tissue (D2). The myocardial lactate extraction 
remained unchanged after disopyramide administra- 
tion, although one patient had evidence of lactate pro- 
duction. 

Effects of lidocaine: (Table IV, Fig. 2B and 3B): 
In the patients given lidocaine, the control values for 
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| each comprising 10 patients with 
coronary artery disease. Abbrevi- 
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coronary blood flow, arterial-coronary sinus oxygen 
difference and myocardial oxygen consumption were 
lower than those in the disopyramide-treated group. 
These differences are explained by the higher heart rate, 
cardiac index and blood pressure in the latter group. 

Immediately after injection of lidocaine (Lj), an in- 
crease in coronary blood flow could be observed (from 
68.2 + 4.3 to 74.8 + 4.1 ml/min X 100 g of myocardial 
tissue) with some further increase to 75.5 + 5.0 25 
minutes after the start of injection (L3). In contrast to 
the results with disopyramide, the coronary vascular 
resistance decreased from 1.04 + 0.1 to 0.92 + 0.1 units 
(Li) and to 0.90 + 0.1 (Lə). Arterial-coronary sinus 
oxygen difference, coronary sinus PO», myocardial 
oxygen consumption and myocardial lactate extraction 
did not change significantly. 


Discussion 


Systemic Hemodynamic Effects 


Myocardial effects: Our results are in agreement 
with those of previous reports. Intravenous lidocaine in 
amounts commonly used in the treatment of arrhyth- 
mias usually exerts no clinically significant adverse 
hemodynamic effects in human beings.10-12,20,21 

In contrast, disopyramide, 1 to 2 mg/kg intravenously, 
exerted negative inotropic effects. In our patients 
without manifest left heart failure, cardiac index de- 
creased by 14 percent, a finding in good agreement with 
the 13 to 18 percent reduction previously re- 
ported. 5:6.22-25 | 

The extent of the myocardial depressant action ap- 
pears to be dependent on dose, rate of administration 
and status of left ventricular function prior to the ap- 
plication of disopyramide.?:46.7,9,25 

Peripheral vascular effects: Diastolic and mean 
arterial pressures either did not change or increased 
significantly in all reported hemodynamic studies of 
disopyramide. This finding, in combination with a de- 
creased cardiac output, resulted in a calculation of in- 
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FIGURE 2. Effects of intravenous 
injection of disopyramide (A) and 
lidocaine (B) on coronary vascular 
resistance (CVR) in two groups, 


L4 L2 ations as in Figure 1. 
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creased systemic vascular resistance in previous studies. 
The selective forearm vascular resistance also has been 
shown plethysmographically to increase in the presence 
of an insignificant elevation in mean arterial blood 
pressure after injection of disopyramide.? In investi- 
gations on isolated rat aorta, disopyramide, 6 ug/liter, 
induced increased tension equivalent to that achieved 
with noradrenaline, 2 ug/liter.?9 Thus, disopyramide 
exhibits peripheral vasoconstrictive effects apparently 
independent of its cardiogenic action. The decrease in 
cardiac output may be in part a consequence of the in- 
crease in afterload. 


Coronary and Metabolic Effects 


Coronary resistance and blood flow: The intra- 
venous injection of 100 mg of lidocaine led to a signifi- 
cant decrease in coronary vascular resistance and to an 
increase in coronary blood flow. However, there was. no 
significant increase in myocardial oxygen consumption. 
Thus, lidocaine is a mild coronary vasodilator. However, 
whether this coronary vasodilatory effect of lidocaine 
has clinical meaning, as speculated by Gould et al.,!? 
remains uncertain. Using implanted electromagnetic 
flow transducers in the intact conscious dog, Bloor and 
White! also found an increase in coronary blood flow 
after injection of lidocaine in a dosage that did not affect 
myocardial function. They suggested that appropriate 
doses of lidocaine can promote collateral blood flow to 
the myocardium during coronary arterial occlusion. 

In contrast to lidocaine, disopyramide is a coronary 
vasoconstrictor. Shortly after the infusion of disopy- 
ramide, a highly significant increase in coronary vas- 
cular resistance and a decrease in coronary blood flow 
could be seen. Twenty-five to 30 minutes after the start 
of the injection of disopyramide, coronary vascular re- 
sistance decreased and coronary blood flow increased 
again. These changes probably do not represent a bi- 
phasic action of disopyramide by itself. During the later 
measurements (Də) an increase in myocardial oxygen 
consumption became significant. This increase in 
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TABLE IV B. 


Coronary and Metabolic Effects of Lidocaine (mean values 
+ standard error of the mean) 








Lidocaine 
Control L4 Lo 
CBF (ml/min X 100 g) 68.2 + 43 74844.1* 75.5 d 5.0! 
(a-cs) DO» (vol 96) 11.9 0.2 118403 11.5404 
CVR (units) 1.04 0.1 0.92 4 0.1* 0.90 € 0.1* 
MVO; (ml O2/min X 82:305 88+06 38740038 
100 g) 

Pos 

a 78.4 + 1.8 80.3413 79.0+ 1.7 

cs 209406 208405 2174009 
Lactate (%) 18.5£7.7 233478 26547.7 

* p <0.05. ! p «0.001. 


Abbreviations as in Tables II and Ill. 


myocardial oxygen need can at least partly be explained 
by an increase in cardiac work due to elevation of the 
afterload not counterbalanced by a disopyramide- 
dependent diminished myocardial contractile state. 
Furthermore, drugs that depress myocardial contrac- 
tility also increase the heart size and accordingly an 
increased muscle segment length could be shown in the 
experimental animal after administration of disopy- 
ramide.? 

Myocardial metabolic effects: Oxygen consump- 
tion of the myocardium is a primary factor regulating 
coronary blood flow, and in general an increase in oxy- 
gen requirement increases coronary flow.?? With cor- 
responding identical hemodynamic changes, an equiv- 
alent increase in myocardial oxygen consumption 
should be anticipated 5 to 10 (D4) and 25 to 30 minutes 
(Də) after injection of disopyramide. Yet only a small 
and insignificant increase in MVO» could be established 


at Dı. However, there was an extreme increase in arte- - 


rial-coronary sinus oxygen content difference and a 
decrease in coronary sinus PO» to 15.5 + 0.5 mm Hg. 
Thus, even in the presence of an increased myocardial 





FIGURE 3. Effects of intravenous 
injection of disopyramide (A) and 
lidocaine (B) on arterial-coronary 
sinus oxygen difference [(a-Cs)- 
DO;] in 10 and 9 patients, respec- 
tively, with coronary artery disease. 
Abbreviations as in Figure 1. 
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oxygen need, the coronary constrictive activity of di- 
sopyramide temporarily led to a significant decrease in 
corohary blood flow. The measurement of myocardial 
oxygen consumption at D» revealed a 20 percent in- 
crease in MVO», which is probably larger than the actual 
increase in work load that the heart would require. This 
could suggest that some reactive hyperemia did occur. 
The increase in MVO» at D» is due to an increase in 
coronary blood flow. 

The arterial-coronary sinus oxygen difference, 
however, remained significantly elevated and coronary 
vascular resistance declined only moderately. Thus, the 
metabolically induced dilatation in coronary vascula- 
ture actually overcame the vasoconstriction produced 
by disopyramide and obviously prevented serious 
myocardial ischemia, but a vasoconstrictive effect of 
disopyramide was still present during D» measure- 
ments. 

Increased myocardial oxygen consumption after 
disopyramide: Our data do not suffice to indicate 
which mechanisms are responsible for the increase of 
myocardial oxygen consumption after administration 
of disopyramide. We determined the average myocar- 
dial oxygen consumption 5 to 10 minutes (Di) and 25 
to 30 minutes (Ds) after disopyramide was injected, and 
only the D» value was significantly elevated. A greater 
increase of MVO» at D, may be prevented by the coro- 
nary constrictive action of disopyramide. On the other 
hand, there may be a continuous increase of myocardial 
oxygen consumption after disopyramide that is inde- 
pendent of requirements caused by an increase in ex- 
ternal heart work. Note that MVO» also increased after 
lidocaine administration. This increase, although not 
significant, may be underestimated because it occurs 
in the presence of a decrease in blood pressures and 
tension-time index, although these decreases are also 
not significant. 

Recently, an increase in myocardial oxygen con- 
sumption with a simultaneous decrease in the tension- 
time index was also found in studies with amiodarone, 
another antiarrhythmic drug.?? Whether these findings 
suggest that an increase in myocardial oxygen con- 
sumption is characteristic of antiarrhythmic agents and, 
if so, which mechanisms might be responsible are open 
questions. 
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Therapeutic Implications 


Negative inotropic effect of disopyramide: In- 
travenously administered disopyramide appeared to be 
more effective than intravenous lidocaine in an inter- 
patient comparison in a small number of patients with 
ventricular extrasystoles or ventricular tachycardia.” 
However, the relative efficacies of these two agents 
cannot be clearly stated without further well designed 
comparisons in a larger number of patients. In contrast 
to lidocaine, disopyramide exerts negative inotropic 
effects, which may be of clinical importance in patients 
with congestive heart failure.*® Clinical use of an anti- 
arrhythmic drug depends on assessment of benefit 
versus risk. In poorly compensated or uncompensated 
heart failure, intravenous disopyramide should be used 
only if the condition is caused by or exacerbated by a 
ventricular arrhythmia unresponsive to lidocaine. A 
primary dose of only 1 mg/kg of disopyramide or a 
slower administration rate of 10 to 15 minutes may be 
preferred in such cases. 

Coronary vasoconstrictor effect of disopyramide: 
The clinical importance of vasoconstriction in coronary 
vasculature is difficult to assess. The augmentation of 
coronary vascular resistance during increased myo- 
cardial oxygen consumption, which would tend to dilate 
the coronary vascular bed, indicates that the constric- 
tive action of disopyramide was actually underesti- 
mated. However, despite the increased myocardial 
oxygen consumption in our patients after disopyramide 
infusion, there was no shift to myocardial lactate pro- 
duction or spontaneous angina pectoris. But care must 
be taken in applying these findings to regional myo- 
cardial perfusion and metabolism. Although the average 
level of lactate extraction does not change, regional 
areas of metabolic deterioration may be compensated 
for by improved metabolism elsewhere in the heart. 
Temporary regional ischemia may not reach the 
threshold for anginal pain, but might nevertheless 
trigger serious arrhythmias. We therefore believe that 
the potent coronary constrictive activity of intrave- 
nously administered disopyramide calls for careful 
consideration. Whether this drug may be hazardous in 
some circumstances must be determined by further 
studies. 
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Nifedipine, a potent coronary vasodilator, was administered in a single 
sublingual dose of 20 mg to eight patients with mild to moderate con- 
gestive heart failure. Nifedipine produced a slight increase in heart rate 
(mean + standard error of the mean 73.3 + 3.2 versus 80.9 + 2.1 
beats/min, p 0.025) and an increase in cardiac index (from a control 
value of 3.51 + 0.22 to 4.06 + 0.31 liters/min per m?, p <0.01). Arterial 
blood pressure decreased from 112.9 + 6.2/67.7 + 4.2 (mean 84.9 + 4.0) 
to 100.8 + 4.4/56.4 + 11.0 (mean 76.1 + 4.3) mm Hg (p <0.01) and total 
systemic vascular resistance also decreased from a control value of 15.6 
+ 1.0 to 12.4 + 0.8 units (p <0.01) after administration of nifedipine. 
These data suggest that nifedipine may be useful for vasodilation in 
congestive heart failure. 


Although nitroprusside and phentolamine have been shown to improve 
cardiac performance in patients with refractory congestive heart fail- 
ure,!-!2 their long-term use is limited in practice by the necessity for a 
parenteral route of administration and continuous hemodynamic 
monitoring of the patients.!? To avoid such limitations in long-term 
therapy, oral or nonparenteral vasodilators such as nitrates, hydralazine 
and, recently, prazosin have been extensively evaluated in patients with 
congestive heart failure caused by various heart diseases.!?-?* However, 
some undesirable effects have been encountered during the long-term 
use of these drugs.!7,25,26 

Since early 1977 we have used a potent coronary vasodilator, nifedi- 
pine [4-(2/-nitrophenyl)-2,6-(dimethyl-3,5-dicarbomethoxy-1,4-dihy- 
dropyridine)] (Adalat9), for long-term oral or sublingual therapy in 
patients with congestive heart failure and have obtained satisfactory 
results in clinical practice.?728 The purpose of this study is to demon- 
strate the beneficial hemodynamic effects of nifedipine in heart 
failure. 


Methods 


Patients: An acute effect of nifedipine on cardiocirculatory dynamics was 
evaluated in eight patients with normal sinus rhythm and chronic congestive 
heart failure caused by various heart diseases. Their ages ranged from 31 to 64 
years; there were four men and four women. 

Hemodynamic measurements: These were performed during routine cardiac 
catheterization or during continuous monitoring of pulmonary arterial pressure 
with a Swan-Ganz catheter in the intensive care unit. Nifedipine was adminis- 
tered sublingually in order to obtain a rapid effect. Cardiac output was measured 
in triplicate with a variability of less than 4 percent by thermodilution technique. 
Systemic and pulmonary arterial blood pressures and intraventricular pressure 
were measured with Hewlett-Packard 1280c pressure transducers connected 
to the fluid-filled catheter. Hemodynamic variables such as cardiac index, stroke 
volume index, stroke work index, systemic arterial systolic, diastolic and mean 
blood pressures, pulmonary arterial systolic, diastolic and mean blood pressures, 
total systemic vascular resistance, pulmonary vascular resistance and heart rate 
were measured or derived before (control) and 10 to 30 minutes after sublingual 
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administration of 20 mg of nifedipine. Prior observation has 
shown that the action of sublingual nifedipine lasts for 3 to 
4 hours, with peak action between 10 and 30 minutes.28 De- 
rived hemodynamic variables were calculated as follows: 

Cardiac index (CI) (liters/min per m?) = cardiac output 
(CO) (liters/min)/body surface area (m?). 

Stroke volume index (SVI) (ml/beats per m?) = CI/heart 
rate. 

Left ventricular stroke work index (SWI) (g-m/m?) = 
(MBP — LVFP) x SVI X 0.0136, where LVFP (left ventricular 
filling pressure) = left ventricular end-diastolic pressure 
ai or pulmonary arterial diastolic pressure (Diast. 

Total systemic vascular resistance (SVR) (units) = 
MBP/CO, and pulmonary vascular resistance (PVR) (units) 
= (MPAP - Diast. PAP)/CO, where 1 unit = 80 dynes sec 
cm~ (MBP = mean systemic blood pressure and MPAP = 
mean pulmonary arterial pressure). 

Statistical analysis was performed using the paired Stu- 
dent's t test. 


Results 


'The hemodynamic effects of nifedipine are summa- 
rized in Table I and illustrated in Figures 1 and 2. Ni- 
fedipine increased heart rate from a mean value (+ 
standard error of the mean) of 73.3 + 3.2 (control) to 
80.9 + 2.1 beats/min (p <0.025) and cardiac index from 
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3.51 + 0.22 to 4.06 + 0.31 liters/min per m? ON 


Stroke index and left ventricular stroke work index were 
not significantly affected by nifedipine. Systemiç sys- 
tolic/diastolic (mean) blood pressures decreased from 
control values of 112.9 + 6.2/67.7 + 4.2 (84.9 + 4.0) to 
100.8 + 4.4/56.4 + 11.0 (76.1 + 4.3) mm Hg (p «0.01) 
after administration of nifedipine. Left ventricular 
filling pressure did not change significantly after ad- 
ministration of nifedipine. Total systemic vascular re- 


sistance decreased from 15.6 + 1.0 (control) to 19.4 + ` 


0.8 units (p <0.01). 

Pulmonary arterial pressures and pulmonary vas- 
cular resistance were not significantly affected by ni- 
fedipine. Pulmonary arterial pressure was 31.9 + 2.9/ 
14.3 + 1.8 (20.5 + 2.0) mm Hg in the control period and 
34.0 + 3.1/16.0 + 2.5 (28.5 + 2.7) mm Hg after nifedi- 
pine, and pulmonary vascular resistance was 1.1 + 0.2 
(control) and 1.2 + 0.2 units after nifedipine. No sig- 
nificant side effects of nifedipine were observed in this 
study. 


Discussion 


Beneficial hemodynanfic effects in congestive 
failure: These data indicate that nifedipine improves 
cardiac performance in patients with congestive heart 


TABLE | 
Hemodynamic Data in Eight Patients Receiving Nifedipine for Congestive Heart Failure 
Age 
(y) & Diag- 
Case Sex nosis HR CI SVI SWI LVFP 
1 35F MR 
C 78 3.5 45 44 8 
A 82 4.9 59 46 8 
2 49F MS 
C 70 2.9 41 42 8 
A 73 3.3 43 36 10 
3 64F HHD 
C 90 4.5 50 58 13 
A 85 4.8 56 50 12 
4 54F MR 
C 66 3.5 53 50 11 
A 79 3.9 49 43 11 
5 50M CVD 
C 63 2.8 44 40 17t 
A T3 3.2 45 32 20! 
6 50M AMI 
C 77 3.4 45 50 171 
A 83 3.8 46 52 23! 
7 33M | COCM 
C 71 4.1 58 -— 8 
A 87 5.3 61 — 8 
8 31M MS 
C 71 3.3 46 39 7 
A 87 3.3 38 33 7 
Mean 
X SEM 
73.3 3.51 48 46 11 
+3.2 40:22 520. 120 1.4 
A 80.9 4.06 50 42 12 
12.1 T0231 X$0.-3.1 £231 
p< 0.025 0.01 NS NS NS 


0. 


BP PAP (mm Hg) 
D M SVR* S D M PVR 
62 80 15.1 35 13 22 1.0 
51 65 8.8 33 12 23 0.5 
70 84 18.1 38 18 22 0.9 
60 71 12.8 40 23 30 0.9 
60 98 16.7 32 8 16 1.7 
60 77 12.5 32 9 16 1.2 
70 80 14.2 40 17 27 2.0 
66 76 12.5 41 20 29 2.1 
66 83 16.0 28 17 22 1.0 
60 75 12.0 41 23 29 1.6 
90 98 16.0 30 16 21 0.9 
90 98 14.5 30 15 24 1.4 
— —- — 16 6 10 0.7 
PN m — 17 6 10 0.4 
56 71 13.3 36 19 24 1.0 
58 71 13.5 38 20 27 1.3 
9 67.7 84.9 15.6 31.9 14.3 20.5 1.1 
2 42 «0v XTO +2.9 +1.8 12.0 +0.2 
8 56.4 76.1 12.4 34.0 16.0 23.5 1.2 
A X110. 4S >> X0: +3.1 +2.5 X24 202 
01 0.01 0.01 0.01 NS NS NS NS 


*One unit of vascular resistance = 80 dynes sec cm' 5. t Diastolic pulmonary arterial pressure. 

A = after administration of drug; AMI = acute myocardial infarction; BP = blood pressure (mm Hg); C = control (before drug administration); 
Cl = cardiac index (liters/min per m?); COCM = congestive cardiomyopathy; CVD = combined valvular heart disease, D = diastolic; HHD = hy- 
pertensive heart disease; HR = heart rate (beats/min); LVFP = left ventricular filling pressure (mm Hg); M = mean; MR = mitral insufficiency; MS 
= mitral stenosis; NS = not statistically significant at p 70.05; p = probability; PAP = pulmonary arterial pressure (mm Hg); PVR = pulmonary 


vascular resistance (units); S = systolic; SEM = standard error of the mean; SVI = stroke volume index (ml/beats per m^); SVR = systemic vascular 


resistance (units); SWI = left ventricular stroke work index (g-m/m?). 
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— FIGURE 1. Effects of nifedipine on cardiac index (C.I., liters/min per 
— m?) systolic arterial blood pressure (Syst. BP, mm Hg), mean arterial 


blood pressure (MBP, mm Hg) and systemic vascular resistance (SVR, 
units) in eight patients. A — after administration of drug; C — control 
value before administration of drug. The circles and vertical bars in- 
dicate mean values and standard error of the mean (SEM), respectively, 
in eight patients, except for systemic vascular resistance and mean 
arterial blood pressure, in which the data were from only seven patients 
(because the arterial pressure recording in Case 7 was unsatisfactory). 
Solid circles indicate doubled circles. ** = probability p «0.01. 


failure by reducing left ventricular afterload while 
maintaining adequate preload. Generally, both arterial 


- and venous tone are increased in congestive heart fail- 


ure29-33 and the compensated heart pumps an adequate 
amount of blood into the systemic circulation by re- 
ceiving sufficient preload through the Frank-Starling 
mechanism.*4 The objectives of vasodilator therapy in 
congestive heart failure have been to improve left ven- 
tricular output by reducing left ventricular impedance 
and to lower the increased preload,!-?6 thereby de- 
creasing pulmonary congestion. Hydralazine has been 
proved to dilate systemic arteries predominantly, but 
to have little primary effect on preload.”! Nifedipine 
seems to be similar to hydralazine from the viewpoint 
of its predominant systemic arterial dilating effects. 
Therefore, when nifedipine is used in patients with 
pulmonary congestion, additional diuretic agents or 
venodilators will be needed to achieve the best hemo- 
dynamic advantage. However, it was recently reported? 
that nifedipine dilated the pulmonary arterial bed and 
lessened acute pulmonary congestion in patients with 
severe congestive heart failure. After 10 mg of nifedipine 
sublingually the mean pulmonary arterial wedge pres- 
sure decreased from a control value of 28 + 11 to 18 + 
6 mm Hg in patients with hypertensive heart disease, 
and from 31 + 12 (control) to 23 + 15 (mean + standard 
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FIGURE 2. Effects of nifedipine on systolic pulmonary arterial pressure 
(Syst. PAP, mm Hg), diastolic pulmonary arterial pressure (Diast. PAP, 
mm Hg), mean pulmonary arterial pressure (MPAP, mm Hg) and pul- 
monary vascular resistance (PVR, units). The open circles and vertical 
bars indicate mean values and standard error of the mean, respectively, 
in eight patients. Other abbreviations and symbols as in Figure 1. 


deviation [SD]) mm Hg in patients with mitra! regur- 
gitation. Furthermore, nifedipine was shown to increase 
venous return measured directly by electromagnetic 
flowmeters placed around both superior and inferior 
venae caval veins in dogs.*’ In our study, nifedipine 
seemed not to change the pulmonary arterial pressure 
and pulmonary vascular resistance, although this might 
be due to the lesser severity of heart failure present in 
our patients (left ventricular filling pressure = 11 + 1.4 
mm Hg). 

Potential side effects: Nifedipine has not yet been 
reported to have side effects, such as an autoimmune 
syndrome or angina pectoris in patients with ischemic 
heart disease, as have been reported for hydralazine.?5.26 
Nifedipine has been considered a calcium flux antago- 
nist or blocking agent that inhibits calcium influx into 
vascular muscle and heart muscle cells, which is essen- 
tial for myocardial contraction.?5-4! Therefore, nifedi- 
pine is capable of aggravating congestive heart failure. 
Nevertheless, our present data as well as our experience 
in clinical practice demonstrate that nifedipine im- 
proves cardiac performance significantly in patients 
with mild to moderate congestive heart failure, pre- 
sumably because the benefits of decreased afterload 
outweigh the negative inotropic effects. Addit:onally, 
an increase in cardiac output associated with an increase 
in heart rate and a lack of increase in stroke volume 
index after administration of nifedipine may be par- 
tially due to a reflex increase in inotropism caused by 
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a decrease in arterial blood pressure. However, more 
precise and extensive study is needed to confirm 
whether nifedipine has a direct inotropic action. In 
addition to possessing this cardiac action, nifedipine has 
been shown to increase renal blood flow,?? which is very 
important for the therapy of congestive heart failure. 
Implications: Although it is not clear whether ni- 
fedipine in the doses used, has a direct myocardial de- 
pressant action, nifedipine does dilate the systemic 
arteries as well as the coronary arteries and it increases 
cardiac output by reducing left ventricular impedance 
and also probably by causing a reflex increase in ino- 
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tropism. Nifedipine was given sublingually in this study, 
but in clinical practice it has been administered orally 
to patients with ischemic heart disease or congestive 
heart failure. Nifedipine, a potent coronary vasodilator, 
may be useful for long-term vasodilation in congestive 
heart failure. 
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The effect of chronic digoxin therapy on left ventricular ejection fraction, 
left ventricular volumes and cardiac output was assessed using multigated 
blood pool imaging both at rest and during supine exercise in 14 patients 
with known ischemic heart disease. Digoxin had no significant effect on 
ejection fraction at rest or at peak exercise. Neither exercise nor digoxin 
therapy had a significant influence on stroke volume index. Cardiac index 
was also not significantly influenced by digoxin either at rest (3.1 + 1.15 
without digoxin versus 2.9 + 1.03 liters/min per m? during digoxin therapy) 
or at peak exercise (5.1 + 2.08 versus 5.1 + 2.04 liters/min per m°, re- 
spectively), although the increase in heart rate resulted in a significant 
increase in cardiac index with exercise in each state (p <0.01). 

End-diastolic and end-systolic volume indexes both tended to be smaller 
at rest after digoxin therapy than before, but this difference was not sig- 
nificant. In the eight patients with an ejection fraction at rest of less than 
0.50 (range 0.15 to 0.47), both end-diastolic and end-systolic volume 
indexes increased significantly with exercise (p <0.05) irrespective of 
therapy with digoxin. Conversely, in the six patients with a well preserved 
(greater than 0.50) ejection fraction at rest, digoxin prevented the exer- 
cise-induced increase in end-diastolic and end-systolic volume indexes, 
and at peak exercise end-systolic volume index was significantly smaller 
during digoxin therapy than before it (p <0.05). 

It is concluded that chronic digoxin therapy in patients with stable 
ischemic heart disease (1) does not have a significant deleterious func- 
tional effect on the nonfailing heart, and (2) does not result in a significant 
change in left ventricular function at rest, but that it (3) does provide 
improved ventricular function at peak exercise in patients with well pre- 
served left ventricular function at rest. 


Cardiac glycosides have been used in the treatment of cardiac failure 
for more than 200 years. Digitalis and its analogs have been shown to 
increase contractility and to decrease left ventricular end-diastolic 
pressure and volume while causing no essential change in aortic pressure 
and a variable decrease in heart rate. Patients with overt cardiac failure 
have thus been found to benefit from cardiac glycosides because the 
increase in myocardial oxygen demand caused by the increase in con- 
tractility is more than offset by the decrease in preload and possibly in 
heart rate.1-4 

Left ventricular dysfunction may occur in the absence of overt heart 
failure, and digitalis and its analogs have been said to improve ventricular 


function in such patients.?-? However, there is evidence to the contrary 


that suggests that ventricular function may deteriorate when cardiac 
glycosides are administered in patients with coronary artery disease 


without overt heart failure.?1? This may occur, at least theoretically, . | 
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[NE in preload is insufficient to offset the 
increased myocardial oxygen demand caused by the 
increase in contractility. Experimental evidence also 
suggests that cardiac glycosides have coronary vaso- 
constrictive properties mediated by the alpha adren- 
ergic receptors.!! This may result in a maldistribution 
of coronary blood flow, thus interfering further with the 
myocardial oxygen supply/demand ratio. 

The traditional use of digitalis in patients with ven- 
tricular dysfunction is thus being seriously questioned. 
The effects of digitalis on left ventricular function 
during exercise are even less clear than its effects under 
conditions at rest. It is also not clear whether chronic 
rather than acute digitalis administration has any ad- 
verse effect on ventricular function in the nonfailing 
heart. This study was thus aimed at defining the effect 
of chronic digoxin therapy on left ventricular function 
both at rest and during exercise. The clinical hypothesis 
tested in this study was that chronic digoxin therapy 
improves left ventricular function during exercise in 
patients with ischemic heart disease. 


Methods 


Study patients: The study group consisted of 14 patients 
with known ischemic heart disease (13 men and 1 woman) with 
a mean age of 59.1 years (range 37 to 68 years) (Table I). The 
diagnosis of ischemic heart disease was based on the history 
of a well documented myocardial infarction in 11 patients, 9 
of whom had electrocardiographic changes compatible with 
a previous myocardial infarction and 2 of whom had left 
bundle branch block at the time of study. In the remaining 
three patients, coronary arteriography had demonstrated 
significant narrowing (70 percent or more of the luminal di- 
ameter) in one or more vessels. Four patients had both a well 
documented previous myocardial infarction and evidence at 
cardiac catheterization of siznificant coronary artery disease. 
One patient (Case 12) had undergone saphenous vein coronary 
arterial bypass surgery. All patients were judged to have 


TABLE | 


chronic stable angina pectoris, usually related to exercise. 
Although most patients had a depressed left ventricular 
ejection fraction at rest, all had hemodynamic compensation 
(New York Heart Association functional class II-III).!? Most 
patients were taking either short- or long-acting nitrates, di- 
uretic drugs, propranolol or a combination of these agents 
(Table I). This therapy was not adjusted during the period of 
study. Written informed consent was obtained from each 
patient after careful explanation of the study protocol. 
Exercise test protocol: Exercise testing was conducted 
with the patient in the supine position with a bicycle er- 
gometer (Engineering Dynamics Corporation, Lowell, Mas- 
sachusetts). Graded exercise was performed beginning at 150 
or 300 kilopond-meters, (kpm) and continuing in increments 
of 150 kpm until one of the following end points was reached: 
(1) fatigue, (2) typical anginal chest pain, (3) abnormal elec- 
trocardiographic response or (4) the development of ven- 
tricular arrhythmias. All tests were performed with the patient 
in the postabsorptive state. Exercise testing was repeated after 
the institution of oral digoxin and performed after at least 1 
week of digoxin therapy. In four patients (Cases 4, 9, 10 and 
14) who had been on maintenance therapy with digoxin, 0.25 
mg daily, at the time of the initial study, digoxin was discon- 
tinued for at least 10 days before the repeated exercise test was 


performed. 
Drug administration protocol: After baseline studies had 


been performed, therapy was begun with digoxin, 0.25 mg 
orally daily, in 10 patients for at least 1 week. The second in- 
vestigation was performed approximately 2 1/2 hours after the 
last dose and at approximately the same time of day as the 
previous evaluation. Serum digoxin levels were measured at 
the time of the second study (Table I). In four patients being 
treated with digoxin, 0.25 mg daily, at the time of the initial 
investigation, serum digoxin levels were obtained during both 
the initial evaluation and the second study 10 days later when 
administration of digoxin had been discontinued. Treatment 
with other medications was not altered during this period. In 
these four patients evaluations performed without digoxin 
therapy were also considered “baseline” or “pretreatment” 
studies. ` 





Patient Data 
Serum Peak Work Load (kpm) 

Digoxin Mir 
Age (yr) Level Diagnosis After 

Case & Sex (ng/ml) of IHD Medications Baseline Digoxin 
1 37M 1.7 MI, ECG, C D, prazosin 300 300 
2 59M 3.1 Mi, ECG, C N,Q 150 300 
3 60M 0.8 Mi, LBBB D, P, N 750 750 
4 54M 2.7 (<0.3*) MI, ECG, C D, N, Q 600 600 
5 68 F 1.5 C D,P 150 150 
6 68 M 0.5 MI, ECG D,P,Q 150 150 
7 58 M 1.1 MI, ECG N 300 150 
8 66 M 1.7 MI, ECG D 450 300 
9 65M 2.2 (<0.3*) MI, LBBB D, P 150 150 
10 59M 1.8(«0.3*) MI, ECG D, N, Q, P 450 450 
11 51M 1.1 C P,N 450 450 
12 64M 4.0 C, CABG D, P, Q, N 300 300 
13 63M 0.9 MI, ECG D, P,N 600 600 
14 55M 0.7 (<0.3*) MI, C, ECG D, Q 300 150 

Mean 59.1 9 364.3 342.9 

SD +8.2 +1.01 +192.6 +198.9 


* Serum digoxin level 10 days after therapy was discontinued. 


C = coronary angiography; CABG = coronary arterial bypass graft; D = diuretics; ECG = electrocardiographic changes compatible with previous 
infarction; IHD = ischemic heart disease; LBBB = left bundle branch block; MI = previous myocardial infarction; N = nitrates; P = propranolol; 


Q = quinidine. 
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Radionuclide techniques and imaging protocol: Mul- 
tigated equilibrium blood pool imaging was performed by 
labeling red blood cells in vivo with stannous pyrophosphate 
(Pyrolite$, New England Nuclear, North Billerica, Massa- 
chusetts) before 30 mCi of technetium-99m as sodium per- 
technetate.!?:14 Data were collected with a standard gamma 
scintillation camera (Ohio Nuclear Series 100) equipped with 
an all-purpose parallel hole collimator and interfaced with a 
dedicated on-line computer system (Ohio Nuclear VIP-450). 
Resting equilibrium gated blood pool scintigrams were ob- 
tained in multiple projections, including a 35? left anterior 
oblique projection modified to include a 15? caudad angula- 
tion of the collimator surface. This projection usually sepa- 
rates the right and left ventricles. However, the angle of 
obliquity was always adjusted to allow the clearest separation 
between the ventricles while minimizing the interventricular 
septal thickness. Studies at rest were.acquired for: (1) a pre- 
selected time interval (5 to 8 minutes), (2) 28 frames/cardiac 
cycle, and (3) 90 to 100 percent of the cardiac cycle. This 
procedure resulted in a minimum of 200,000 counts/frame of 
the study. 

The exercise scintigrams were acquired for: (1) a prese- 
lected time interval of 3 minutes, (2) 24 frames/cardiac cycle 
and (3) 90 to 100 percent of the cardiac cycle. Exercise imaging 
was performed at each work load, beginning at 150 to 300 kpm 
and continuing at 150 kpm increments until the termination 
of the test. The work levels achieved during the baseline study 
and after digoxin therapy are shown in Table I. At the be- 
ginning of the first and each subsequent work load, the patient 
exercised for 1 minute before the 3 minute imaging period 
began. This allowed heart rate and blood pressure to reach 
new steady state levels before scintigraphic measurements of 
left ventricular volumes and ejection fraction were begun. 

Calculation of scintigraphic left ventricular ejection 
fraction and volumes: Left ventricular ejection fraction 
(LVEF) was determined from the time-activity curve of the 
left ventricle by constructing a region of interest over the left 
ventricle in the frames corresponding to end-diastole (ED) 
and end-systole (ES). The number of counts within the region 
of interest was used to calculate the left ventricular ejection 
fraction utilizing the formula: 

LVEF = 


Background-corrected ED counts 
— Background-corrected ES counts 


Background-corrected ED counts 


This scintigraphic method of calculating ejection fraction has 
been shown to correlate well with results obtained by contrast 
ventriculography.15-18 

Left ventricular volumes were estimated by a nongeometric 
technique recently developed and validated in our laborato- 
ry.!9 (Further support for this technique comes from the in- 
dependent work of Slutsky et al.2°) In brief, the end-diastolic 
and end-systolic frames were isolated from the multiframe 
gated study and utilized for further processing. Background 
activity was corrected using a linear interpolated background 
subtraction technique, which provided a highly reproducible 
and objective assessment of background activity.!9 A region 
of interest was constructed over the left ventricle at end- 
diastole and end-systole with careful exclusion of left atrial 
activity and adherence to consistent criteria for the definition 
of the ventricular borders. Scintigraphic estimates of left 
ventricular volumes were calculated from the activity of the 
left ventricular region of interest normalized for heart rate, 
acquisition time per frame and activity per milliliter of pe- 
ripheral venous blood. 
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The following equation was used for the scintigraphic ®s- 
timation of left ventricular (LV) volumes: 


Background-corrected left ventricular counts 
Volume = oo 


cycle acquired (%) 
frames gated (n) 
Peripheral blood activity X e~** 


where e~*t is the general equation for isotope decay (A = 
0.693/isotope half-life) and Tota is the total acquisition time 
of the study. Because of chest wall attenuation, the scintig- 
raphic estimates of ventricular volumes are .consistently 
smaller than the angiographic estimates. Hence, a regression 
equation was determined (Angiographic volume = 4.98 X 
Scintigraphic volume estimate + 6.91) and the results of the 
volume determinations were expressed as the regressed an- 
giographic volume estimates. Because the y intercept of the 
regression equation is not zero, results of back calculation of 
the ejection fraction from the scintigraphically determined 
volumes differ slightly from the count-derived ejection frac- 
tions that are reported. Using this method, we have found 
excellent correlations (r = 0.95) between scintigraphic and 
angiographic left ventricular volume measurements.!? Stroke 
volume and cardiac output were derived utilizing these volume 
measurements. 

Segmental wall motion: A subjective analysis of left 
ventricular segmental wall motion was also obtained. The left 
ventricle was divided into five segments (Fig. 1) and each 
segment was graded according to the following scale: 3 = 
normokinesia, 2 = mild hypokinesia, 1 = severe hypokinesia, 
0 = akinesia, and —1 = dyskinesia. Further breakdown of this 
grading system was allowed; hence, a score of 1.5 for a par- 
ticular segment would indicate wall motion intermediate be- 
tween mild and severe hypokinesia. The number of abnormal 
segments at rest and the average degree of abnormal wall 
motion in each patient both before and after digoxin therapy 
at rest are indicated in Table II. 

Statistical analyses: Data are expressed as the mean + 
standard deviation (SD). Comparisons between radionuclide 
studies in individual patients were made using the paired t 
test, and comparisons between groups were performed using 
analysis of variance. Values were considered statistically 
significant when a two-tailed t test identified p values of less 
than 0.05. 


total 


Results 


Digoxin therapy was not associated with any signifi- 
cant change in symptoms either at rest or during exer- 


10 
6 SUPERIOR - LATERAL 
BASAL SEPTAL 
3 
LV INFEROLATERAL 
7 8 
APICAL SEPTAL POSTEROLATERAL 


FIGURE 1. Wall segment identification and analysis. The left ventricle 
(LV) was divided into five segments of approximately the same length. 
Segmental abnormalities in wall motion before and after digoxin were 
graded as follows: 3 — normokinesia; 2 — mild hypokinesia; 1 = severe 
hypokinesia; 0 = akinesia; — 1 = dyskinesia. 
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TABLE lI 
Extent of Coronary Artery Disease and Left Ventricular Dysfunction 
Mean Wall 
Abnormal Motion Score* Documented 
Wall Previous Extent 
Segments Pre Post Myocardial of 
Case EF (n) Digoxin Digoxin Infarction CAD 
Eight Patients With Ejection Fraction Less Than 0.50 
q 0.15 5 +0.8 +0.9 Yes 3V 
3 0.47 5 "TL +1.4 Yes ? 
6 0.38 5 +0.9 +1.6 Yes 3V 
7 0.32 5 +0.8 +0.8 Yes ? 
9 0.32 4 1.2 1.3 Yes ? 
10 0.38 4 T1: +0.9 Yes ? 
| 13 0.39 4 +0.8 +1.0 Yes ? 
14 0.24 5 í t FO? +0.9 Yes 3V 
Mean 0.33 4.6 +1.0 FEI si 
SD +0.100 +0.52 : 3-0,27 +0.29 
Six Patients With Ejection Fraction Greater Than 0.50 
2 0.58 3 +2.4 +2.8 Yes 1V 
4 0.57 3 T2.3 +2.4 Yes 1V 
5 0.70 0 +3 +3 No 1V 
8 0.65 0 +3 T3 Yes (subendocardial) ? 
L 11 0.76 0 +3 +3 No 1V 
: 12 0.84 0 +3 +3 No 1V + CABG 
Mean 0.68 1.0 +2.8 +2.9 a? 
SD +0.105 +1.55 +0.34 +0.24 


E * Mean wall motion score is the mean of five segments scored on scale of — 1 to +3. 
CABG = coronary arterial bypass graft; CAD = coronary artery disease; EF = ejection fraction; SD = standard deviation; V = vessel. 


cise. There was also no significant change in exercise 
tolerance during digoxin therapy. Exercise capacity was 
increased by 1 work load in one patient, but decreased 
by 1 work load in three patients during digoxin therapy 
(Table I). One patient (Case 12) complained of anorexia 
while on digoxin therapy and another patient (Case 10) 


exercise and a transient burst of ventricular tachycardia 
in the postexercise period after digoxin therapy. 
Heart rate and double product (Table IIT): There 
was no significant difference attributable to digoxin 
therapy in mean heart rate either at rest or at peak ex- 
ercise. The mean heart rate at rest before and after di- 


had frequent ventricular premature complexes at peak goxin therapy was 74 + 15 and 71 + 13 beats/min, re- 
- 
-= TABLE Ill 
Hemodynamic Effects of Chronic Digoxin Therapy 
Heart Rate (beats/min) Double Product X 10? Ejection Fraction 
Rest Exercise Rest Exercise Rest Exercise 
Case B D B D B D B D B D B D 
1 80 72 120 120 108.0 93.6 198.0 204.0 0.15 0.17 0.17 0.19 
| 2 70 67 115 110 80.5 87.1 207.0 207.0 0.58 0.64 0.63 0.68 
s 3 64 73 135 150 89.6 73.0 256.0 243.0 0.47 0.60 0.42 0.54 
i 4 60 53 130 100 84.0 63.6 273.0 240.5 0.57 0.47 0.41 0.39 
5 52 52 70 76 83.2 88.4 126.0 136.5 0.70 0.73 0.67 0.71 
6 65 70 80 88 78.0 84.0 88.0 100.0 0.38 0.41 0.28 0.36 
7 75 73 120 122 75.0 73.0 156.0 156.0 0.32 0.19 0.27 0.27 
8 92 56 155 128 119.6 67.2 279.0 279.0 0.65 0.76 0.58 0.79 
9 92 92 105 115 92.0 82.8 94.5 126.0 0.32 0.32 0.33 0.30 
10 93 75 132 125 120.9 75.0 237.6 211.2 0.38 0.41 0.46 0.33 
11 68 62 132 96 61.2 74.4 237.6 231.0 0.76 0.71 0.77 0.80 
12 72 68 92 86 79.2 78.2 151.8 161.0 0.84 0.78 0.75 0.84 
13 56 83 105 132 70.0 99.6 183.8 189.0 0.32 0.42 0.41 0.39 
14 96 93 118 115 120.0 93.0 129.8 141.6 0.24 0.18 0.13 0.18 
Mean 74 71 115 112 90.1 80.9 187.0 187.6 0.48 0.49 0.45 0.48 
SD +15 +13 +23 +20 +19.50 +10.60 +64.34 +52.04 +0.209 +0.227 +0.206 +0.237 
— So en SS ae NS ——— — NS ————4 ——— NS ———4 




















B = before digoxin; D = after digoxin; Double Product = heart rate-systolic pressure product; NS = not significant; p = probability. 
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TABLE IV 
Hemodynamic Effects of Chronic Digoxin Therapy 


U1ECCRu o Mo 





Stroke Volume Index Cardiac Index 


End-Diastolic Volume Index End-Systolic Volume Index 





(ml/m?) (liters/min per m?) (ml/m?) (ml/m?) 

Rest Exercise Rest Exercise Rest Exercise Rest Exercise 
Case B D B D B D B D B D B D B D B D 
1 22 27 33 30 1.8 2.0 4.0 3.7 149 168 194 166 127 141 —- 101 136 
2 81 80 90 82 5.7 5.3 10.4 9.0 143 129 147 125 62 49 57 43 
3 38 47 56 52 2.4 3.4 5.1 8.5 83 81 93 108 45 34 56 52 
4 68 49 51 43 3.9 2.6 5.6 4.3 123 106 128 114 55 58 77 70 
5 34 45 43 38 1.8 2.4 3.0 2.9 53 66 68 57 19 20 25 19 
6 42 39 34 39 2:7 2.5 2.7 3.4 115 98 124 ERI 73 59 91 72 
7 53 22 47 34 4.0 1.6 5.7 4.2 172 119 176 130 119 98 128 96 
8 37 46 47 57 3.4 2.6 2.9 7.3 60 63 84 76 23 17 37 19 
9 42 42 43 43 3.9 3.9 4.5 5.0 133 137 136 146 91 95 93 103 
10 36 31 41 24 3.4 2.3 5.5 3.0 98 79 94 76 62 48 53 53 
11 33 56 44 64 2.2 3.5 5.8 6.1 46 B2... ..00 83 14 26 17 19 
12 53 60 60 64 3.8 4.1 5.5 5.5 67 81 85 .80 14 21 25 16 
13 29 25 43 39 1.6 2.0 4.5 5.1 76 62 106 104 47 38 63 65 
14 25 22 17 23 2.4 2.0 2.0 2.7 104 126 129 133 80 104 113 110 
Mean 42 42 46 45 3.1 2.9 9.1 ./ 5,1 102 100 116 108 59 58 71 62 
SD +16.4 +16.4 +163 +16.8 +1.15 +1.03 +2.08 +2. 


a 


— p <0.01 —~ 
——— Ns — — 


B = before digoxin; D = after digoxin. 


spectively (difference not significant [NS]). The mean 
peak exercise heart rates were 115 + 23 beats/min before 
and 112 + 20 beats/min after digoxin (NS). Digoxin had 
no significant influence on the mean heart rate-systolic 
pressure product (double product) either at rest (90.1 
+ 19.50 X 10? versus 80.9 + 10.60 X 102) or at peak ex- 
ercise (187.0 + 64.34 X 10? versus 187.6 + 52.04 X 102). 
The increase in heart rate and double product with ex- 
ercise, both before and during digoxin therapy, was 
significant (p «0.01). 

Left ventricular ejection fraction (Table III): The 
mean left ventricular ejection fraction was not signifi- 
cantly influenced by digoxin. The mean ejection fraction 
at rest was 0.48 + 0.209 before digoxin and 0.49 + 0.221 
after digoxin (NS). Exercise also had no demonstrable 
effect on ejection fraction either before or after digoxin 
therapy (0.45 + 0.206 and 0.48 + 0.237, respectively). 

In patients with cardiac disease, an absolute change 
in left ventricular ejection fraction of 0.05 or greater has 
been determined to be significant by other workers! 
and we used this criterion in our study. At rest, digoxin 
therapy resulted in an increase in ejection fraction in 
three patients, no significant change in six and a de- 
crease in five patients. At peak exercise, digoxin caused 
an increase in ejection fraction in six patients, no change 
in seven and a decrease in one patient. In the eight pa- 
tients with a depressed ejection fraction (less than 0.50), 
digoxin therapy was associated with an increase in 
ejection fraction in one patient, no change in five pa- 
tients and a decrease in two patients at rest, whereas at 
peak exercise ejection fraction increased in three pa- 
tients, remained unchanged in four and decreased in one 
patient. The effect of digoxin on ejection fraction was 
also studied in the six patients with an ejection fraction 
greater than 0.50. At rest, digoxin was associated with 
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— p «0.01—— 


04 +39.2 +32.1 +39.2 +30.8 +36.4 +37.9 +42.2 +38.2 
Er Vc i 


— NS —— '^——NS— ——NS—~ ~ns — ns 





an increase in ejection fraction in two patients, no 
change in one patient and a decrease in three patients. 


However, at peak exercise digoxin therapy resulted in- 


an increase in ejection fraction in three patients and no 
change in the remaining three. 

The effect of digoxin on ejection fraction was not 
statistically significant in any subgroup of patients, 
either at rest or during exercise. 

Stroke volume and cardiac index (Table IV): 
Throughout this study, stroke volume index and end- 
diastolic and end-systolic volume indexes are measured 
in milliliters per square meter (ml/m?) and cardiac in- 
dexes in liters per minute per square meter (liters/min 
per m?). The mean stroke volume index at rest both 
before and after digoxin was 42 + 16.4. At peak exercise 
this index was 46 + 16.3 before and 45 + 16.8 after di- 
goxin administration (NS). Values for mean stroke 


. volume index at rest and during peak exercise also did 


not differ significantly either before or after digoxin. 

The mean cardiac index at rest before and after di- 
goxin was 3.1 + 1.15 and 2.9 + 1.08, respectively (NS); 
at peak exercise, this index was 5.1 + 2.08 before and 5.1 
+ 2.04 after digoxin (NS). Although there was no in- 
crease in cardiac index attributable to digoxin therapy, 
exercise caused a significant increase in mean cardiac 
index both before and after digoxin therapy (p 
« 0.01). 

Left ventricular end-diastolic and end-systolic 
volumes (Table IV): The mean end-diastolic volume 
index before digoxin therapy increased with exercise 
from 102 + 39.2 to 116 + 39.2 (p <0.01). Similarly, after 
digoxin therapy this index increased from a resting 
value of 100 + 32.1 to 108 + 30.8 (p <0.05) at peak ex- 
ercise. Although the end-diastolic volume indexes both 


at rest and during exercise tended to be smaller after , , 
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BASELINE DIGOXIN 
RESTING 


BASELINE DIGOXIN 
PEAK EXERCISE 


FIGURE 2. Effect of digoxin on left ventricular end-diastolic volume | 
index (LV EDVI) at rest and at peak exercise in eight patients with a - 


depressed resting ejection fraction (LVEF less than 0.50). The end- 
diastolic volume index increased in response to exercise both before 
and after digoxin therapy in patients with a depressed ejection fraction 
at rest. N.S. = not significant; p = probability.. ^. ~ 


digoxin therapy than before, the difference was not 
significant. pr oT adr (v Ns 

The mean end-systolic volume index also increased 
with exercise before digoxin therapy (59 + 36.4 to 71 + 


.. 42.2) (p <0.01) but remained relatively constant after 


digoxin (58 + 37.9 to 62 + 38.2) (NS). The mean end- 
systolie volume index at rest did not differ before and 
after digoxin therapy but that at peak exercise was 
significantly smaller after administration of digoxin (p 
<0.02). 

End-diastolic and end-systolic volume indexes in 
patients with ejection fraction less than 0.50 (Table 


, : II): Eight patients had an ejection fraction at rest before 
= digoxin therapy of less than 0.50 (mean 0.33 + 0.10, 


range 0.15 to 0.47). The mean end-diastolic volume 
index increased in response to exercise before digoxin 


-. therapy from 116 + 33.1 to 132 + 36.9 (p <0.05) and 


after digoxin from 109 + 35.2 to 122 + 27.9 (p <0.05) 
(Fig. 2). Although end-diastolic volume index during 
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LV ESVI (mi/ m? ) 


( patients with depressed LVEF ) 


BASELINE DIGOXIN BASELINE DIGOXIN 
RESTING PEAK EXERCISE 
FIGURE 3. Effect of digoxin on left ventricular end-systolic volume 
index (LV ESVI) at rest and at peak exercise in six patients with a de- 
pressed ejection fraction (less than 0.50) at rest. End-systolic volume 
index increased with exercise but was not substantially influenced by 
digoxin in patients with depressed ventricular function. 





digoxin therapy tended to be smaller both at rest and 
at peak exercise, a significant difference from the pre- 
treatment values could not be demonstrated. 

The mean end-systolic volume index increased from 
a value at rest of 81 + 30.6 to 95 + 38.0 at peak exercise 
before digoxin therapy (p «0.05) (Fig. 3). After digoxin 
was given, this index increased from 77 + 38.0 to 86 + 
30.1 in response to exercise (p «0.05). A significant 
difference as a consequence of digoxin therapy could not 
be demonstrated in end-systolic volume index either at 
rest or at peak exercise. 

End-diastolic and end-systolic volume indexes in 
patients with an ejection fraction greater than 0.50 
(Table II): In six patients, ejection fraction at rest be- 
fore digoxin therapy was greater than 0.50 (mean 0.68 
+ 0.11, range 0.57 to 0.84). Before treatment with di- 


- goxin, the mean end-diastolic volume index increased 


significantly from rest to peak exercise (82 + 40.6 to 95 
+ 34.5) (p <0.01) (Fig. 4). After digoxin therapy, this 
index remained essentially unchanged in response to 
exercise (88 + 25.3 to 89 + 25.4) (NS). Digoxin did not 
significantly influence the end-diastolic volume index 
at rest, but did prevent the exercise-induced increase 
in this index. 

The mean end-systolic volume index increased from 
31 + 21.6 at rest to 40 + 23.0 at peak exercise before 
digoxin therapy. This change approached but did not 
reach statistical significance (p «0.075) (Fig. 5). During 
digoxin therapy, exercise produced no significant 
change in mean end-systolic volume index (32 + 17.3 to 
31 + 21.5). Although the mean end-systolic volume 
index at rest was similar before and after digoxin (31 + 
21.6 versus 32 + 17.3) (NS), at peak exercise it was sig- 
nificantly smaller during digoxin therapy (31 + 21.5 
versus 40 + 23.0) (p «0.05). 

Percent change in end-diastolic and end-systolic 
volume indexes during exercise in patients with 
ejection fraction less than versus greater than 0.50: 
The percent change in end-diastolic volume index 
(EDVI) from rest to peak exercise was also compared 
in the groups of patients with well preserved (ejection 
fraction greater than 0.50) and depressed (ejection 
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FIGURE 4. Effect of digoxin on left ventricular end-diastolic volume 
index (LV EDVI) at rest and at peak exercise in six patients with a normal 
(greater than 0.50) ejection fraction (LVEF) at rest. Digoxin prevented 
the exercise-induced increase in end-diastolic volume index in patients 
with a normal ejection fraction at rest. 
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fraction less than 0.50) left ventricular function at rest 
before and after digoxin therapy. The percent change 
was calculated for each patient: 

Percent change = 


peak exercise EDVI — resting EDVI X 100 
Resting EDVI 


These data were analyzed as a two-way analysis of 
variance. A significant interaction (F = 5.87 with 1 and 
12 degrees of freedom, p «0.05) indicates that the two 
patient groups responded differently to the presence 
and absence of digoxin (Fig. 6). A similar analysis for 
end-systolic volume index also demonstrated a signifi- 
cant interaction (F = 7.95 with 1 and 12 degrees of 
freedom, p «0.02), indicating that the two patient 
groups again responded differently to the presence or 
absence of digoxin (Fig. 7). In the patients with a de- 
pressed ejection fraction at rest, digoxin had no signif- 
icant effect on the relative change in the end-diastolic 
or end-systolic volume index with exercise. Conversely, 
the presence of digoxin was associated with a relative 
decrease in both-end-diastolic (p <0.05) and end-sys- 
tolic (p <0.02) volume indexes with exercise in the pa- 
tients with a normal ejection fraction at rest. 

Segmental wall motion: In the 14 patients, there 
was a total of 70 left ventricular wall segments available 
for analysis (five segments/patient). Subjective analysis 
of resting wall motion before digoxin therapy demon- 
strated 29 (41 percent) of the 70 segments to be hypo- 
kinetic and 15 (21 percent) to be akinetic or dyskinetic. 
After digoxin therapy, 22 (31 percent) were hypokinetic 
and 19 (27 percent) were akinetic or dyskinetic. Overall, 
during digoxin therapy 3 (4 percent) of the 70 segments 
had less motion, whereas 11 (16 percent) had improved 
motion. 

All of the eight patients with an ejection fraction of 
less than 0.50 had one or more previous documented 
myocardial infarctions (Table IT). Five of these patients 
had severe abnormalities of all five wall segments at rest, 
whereas the remaining three patients had abnormalities 
of four wall segments. For each patient a mean wall 
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FIGURE 6. Effect of digoxin on percent change in left ventricular 
end-diastolic volume index (LV EDVI) during exercise in patients with 
a normal or depressed resting ejection fraction (LVEF). Digoxin resulted 
in a significant percent reduction in EDVI only in the patients with a 
normal ejection fraction at rest. 
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FIGURE 5. Effect of digoxin on left ventricular end-systolic volume 
index (LV ESVI) at rest and at peak exercise in six patients with a normal 
(greater than 0.50) ejection fraction (LVEF) at rest. Digoxin prevented 
the exercise-induced change in end-systolic volume index in the patients 
with a normal ejection fraction at rest. 


motion score was derived, representing the average score 
(on a scale of —1 to +3) for the five segments. The mean 
wall motion score in this group of patients was +1.0 
before digoxin and +1.1 after digoxin therapy. 

Four of the six patients with an ejection fraction 
greater than 0.50 had no demonstrable wall motion 
abnormalities, whereas the remaining two patients had 
minor abnormalities of three segments. The mean wall 
motion score in these patients was +2.8 before and +2.9 
after digoxin therapy. Thus, a subjective analysis of left 
ventricular wall motion did not suggest that digoxin 
resulted in any important change in wall motion in ei- 
ther subgroup of patients at rest. The technical limi- 
tations of the technique preclude any definitive state- 
ment about the effect of chronic digoxin therapy on 
segmental wall motion during exercise. 


Discussion 


The traditional role of digoxin in the management of 
ventricular dysfunction has recently come under scru- 
tiny. In the absence of overt cardiac failure, the acute 
administration of cardiac glycosides, either ouabain or 
digoxin, has been variously reported as having a dele- 
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FIGURE 7. Effect of digoxin on percent change in left ventricular 
end-systolic volume index (LV ESVI) during exercise in patients with 
a normal or depressed resting ejection fraction (LVEF). Digoxin resulted 
in a significant percent reduction in end-systolic volume index only in 
patients with a normal ejection fraction at rest. 
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texious,!° beneficial?-9 or no effect?:?L?? on ventricular 
dysfunction. The effect of chronic digoxin administra- 
tion on ventricular function, not only at rest but also 
during exercise, does not appear to have attracted 
similar attention. This study was thus performed to 
assess the effects of chronic oral digoxin therapy on left 
ventricular ejection fraction, end-diastolic and end- 
systolic volumes, and on stroke volume and cardiac 
output at rest and during supine exercise with multi- 
gated equilibrium blood pool imaging. Recent devel- 
opments have shown this radionuclide technique to be 
a reliable and reproducible method for the measure- 
ment of these indexes of left ventricular function.15.17- 
20,23,24 ! 

Heart rate and blood pressure: Digoxin did not 
result in any significant change in heart rate either at 
rest or at peak exercise. The absence of any demon- 
strable effect of cardiac glycosides on sinus rates is in 
accordance with the findings of other investigators.?>-?’ 
This observation seems to be true for patients with 
normal as well as for those with abnormal sinus nodal 
function.28.29 d 

The double product of heart rate and systolic blood 
pressure, measured with a standard pressure cuff and 
mercury manometer, was also not significantly in- 
fluenced by digoxin either at rest or during exercise. 
Although the acute administration of cardiac glycosides 
may cause an increase in systolic blood pressure due to 
an increase in systemic vascular resistance, this change 
does not appear to persist with chronic therapy.99?! 

Left ventricular ejection fraction: In the patients 
studied, neither digoxin nor exercise had any substantial 
influence on left ventricular ejection fraction. Exercise 
generally causes an increase in ejection fraction in 
normal subjects. Patients with coronary artery disease 
may have a decrease, no change or a slight increase in 
ejection fraction with exercise.?^9? 

Acute digitalization by means of either ouabain or 
digoxin given intravenously is said to increase ejection 
fraction at rest, both in normal subjects and in patients 
with coronary artery disease.!0?? However, the effect 
of chronic administration of digoxin on ejection fraction 
is less clear. Few studies have been performed in human 
beings and most of these have employed noninvasive 
techniques, which are relatively lacking in sensitivity. 
Kleiman et al.?! determined both the acute and chronic 
effects of digoxin on ventricular volumes and ejection 
fraction in a postoperative study of patients with isch- 
emic heart disease; they used computer-assisted fluo- 
roscopic analysis of the motion of surgically implanted 
mid wall myocardial markers in this investigation. They 
concluded that chronic digoxin therapy produced a 
significant increase in left ventricular ejection fraction 
at rest, but caused no significant change in end-diastolic 
volume or cardiac output. There was no tachyphylaxis 
to digoxin over a 4 week period. The mean value for 
resting ejection fraction was only slightly lower (0.49 
versus 0.51) but the range of values was much wider in 
our patients than in those studied by Kleiman et al. 
However, even in the six patients in our study with a 
resting ejection fraction greater than 0.50, digoxin did 
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not cause a significant increase in ejection fraction at 
rest or during exercise. 

Stroke volume index and cardiac index: At rest 
these indexes were not influenced significantly by di- 
goxin. This finding, like that of the failure of ejection 
fraction to increase, does not discredit digoxin as an 
inotropic agent, but rather reflects the relative insen- 
sitivity of these measurements for detecting small 
changes in myocardial contractility. The lack of increase 
in cardiac index in some patients given digoxin, despite 
its definite positive inotropic effects, is well docu- 
mented.7:8 Cardiac index increased significantly and to 
the same degree before and after digoxin therapy in 
response to exercise. This increase was not associated 


with any detectable change in stroke volume index. 


Left ventricular end-diastolic and end-systolic 


volume indexes: Chronic digoxin therapy had no sig- 


nificant effect on the mean end-diastolic or end-systolic 
volume index at rest. Other investigators?! reported 
similar findings regarding end-diastolic volume index, 
with both acute and chronic administration of cardiac 
glycosides but noted a decrease in end-systolic volume 
index with digitalization. In our patients, exercise re- 
sulted in a significant increase in end-diastolic volume 
index both before and during digoxin therapy, whereas 
end-systolic volume index, which also increased during 
exercise before digoxin therapy, did not increase when 
the patient was in a digitalized state. The end-systolic 
volume index at peak exercise during digoxin therapy 
was thus significantly smaller than it was before therapy 
was instituted (p «0.02). 

End-diastolic and end-systolic volume indexes in 
patients with an ejection fraction less than versus 
greater than 0.50: In the eight patients with a de- 
pressed ejection fraction at rest (less than 0.50), both 
the end-diastolic and end-systolic volume indexes in- 
creased significantly with exercise, and digoxin had no 
apparent effect on these volumes either at rest or during 
peak exercise. However, in the six patients with well 
preserved ventricular function (ejection fraction greater 
than 0.50), a different response was noted. Neither 
end-diastolic nor end-systolic volume indexes were in- 
fluenced by digoxin at rest. During exercise, the end- 
diastolic volume index increased significantly only in 
the absence of digoxin (p <0.01). The end-systolic vol- 
ume index also remained essentially unchanged with 
exercise during digoxin therapy and was significantly 
smaller at peak exercise during digoxin therapy than 
before therapy (p «0.05). This suggests an increase in 
myocardial contractility.*4 

Percent change in end-diastolic and end-systolic 
volume indexes during exercise in patients with an 
ejection fraction less than versus greater than 0.50: 
The effect of digoxin on the percent change in both 
end-diastolic and end-systolic volume indexes from rest 
to peak exercise was different in patients with a normal 
ejection fraction (greater than 0.50) from that in pa- 
tients with a depressed ejection fraction (less than 0.50). 
Digoxin had no significant effect on the relative change 
in end-diastolic or end-systolic volume index with ex- 
ercise in the patients with a depressed ejection fraction 
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at rest. However, in those with well preserved left ven- 
tricular function, digoxin was associated with a relative 
decrease in both volume indexes during exercise. 
Left ventricular segmental wall motion: Subjec- 
tive analysis of left ventricular wall motion demon- 
strated that most wall segments (approximately 80 
percent) remained unchanged during digoxin therapy 
at rest. The eight patients with a depressed ejection 
fraction also had evidence of extensive, severe segmental 
wall motion abnormalities involving all or nearly all 
segments. Conversely, in the six patients with an ejec- 
tion fraction greater than 0.50, there were either minor 
or no abnormalities in segmental wall motion and the 
majority had evidence of only single vessel coronary 


artery disease. Digoxin therapy did not result in any’ 
important changes in segmental wall motion in either . 
subgroup of patients at rest. The effect of digoxin on. 


wall motion during exercise could not be adequately 
assessed. 

Clinical implications: In our 14 patients, chronic 
digoxin therapy neither caused any significant delete- 
rious effect on left ventricular function nor resulted 
in any significant improvement in ventricular function 
at rest. However, at peak exercise, digoxin resulted in 
a relative reduction in both end-diastolic and end-sys- 
tolic volume indexes, which was evident in patients with 
a well preserved ejection fraction at rest. A reduction 
in end-systolic volume index, in particular, implies that 


^. 


digoxin improves ventricular function during exercise 
in patients with ischemic heart disease. 

These findings suggest that the positive inotropic 
effects of chronic digoxin therapy in patients with 
ischemic heart disease are more readily demonstrable 
when left ventricular function is well preserved and the 
myocardium is not extensively damaged (as in the pa- 
tients with an ejection fraction greater than 0.50) than 
when there is evidence of extensive, severe ventricular 
dysfunction. This observation may also help to explain 
the disparate findings that have been reported5-10.21,22 
concerning the effect or lack of effect of acute digoxin 
administration on ventricular dysfunction in the ab- 
sence of overt cardiac failure. The degree to which 
ventricular function is improved by digoxin adminis- 
tration, whether acute or chronic, in patients with 
ischemic heart disease in the absence of overt heart 
failure, would thus appear to depend on the relative 
quantities of well preserved and extensively damaged 
ventricular muscle. 
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The all new 15th Edition of MODERN DRUG ENCY- 
CLOPEDIA is written especially for the practitioner who 
needs complete, objective information on prescription 
drugs. 


An independent team of pharmacists and physicians 
has researched and edited all the facts on 3,000 prescrip- 
tion drugs. It passes this research on to you in an easy to 
absorb style that's perfectly suited to the tight schedule of 
a time pressed practitioner. 


Some handbooks just reprint manufacturers' package 
inserts. They don't edit. Just print material manufacturer 
pays to have included. 


Here's what careful planning does for 

MODERN DRUG ENCYCLOPEDIA: 

* limits entries to prescription drugs. You don't waste 
time flipping through pages of extraneous drugs. 

* lists over 3,000 pharmaceuticals, biologicals, and aller- 
gens in one a-z sequence. 

* arranges entries by generic name. All brand names in 
one place. 

* written in concise language for quick comprehension 

* designed with a “strong focus" layout, easy-to-read 
type, and bold subject headings. 


666 FIFTH AVENUE 
NEW YORK, N.Y. 10103 


Please send me a copy of the all-new 15th Edition of MODERN 
DRUG ENCYCLOPEDIA and enter my two year free subscription 
to the Periodic Updating Service. If this new edition is the best 
drug information reference for practitioners available, | will remit 
$38.95, plus shipping. Otherwise, | will return it within 30 days 
and owe nothing. 
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re fe re mu- f Ā 


If it's not MODERN DRUG 
ENCYCLOPEDIA, you can't 
. be sure. 


MODERN DRUG ENCYCLOPEDIA 
and Therapeutic index 15th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 





The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital 
facts about brand names and each manufacturer that 
markets their own brand. 


Three a-z indexes provide instant access to all the ma- 
terial found in the main secton as follows: 

e GENERAL INDEX of all brand generic names in handy 
alphabetic sequence. 

* THERAPEUTIC INDEX of which drugs are prescribed for 
which purpose. Allows you a wide selection of therapy 
based on your patient's special needs. 

* MANUFACTURERS INDEX of names and addresses and 
product names. Helps you identify the drug when you 
only know the manufacturer's name. 


And, our Free Updating Service informs you of 
changes in specifications and introduces new drugs. 
These periodic supplements adopt the same easy-to-read 
format of the basic volume. You receive them free of 
charge until the publication of the next (16th) Edition. 


Try using MODERN DRUG ENCYCLOPEDIA for 30 
days at our risk. Then keep it only if you're convinced that 
it answers a practitioner's need for concise, easy to read 
information on prescription drugs. 


AJC 9/80 | 
C | am enclosing $38.95 now as full payment. 
Publisher pays shipping. Same return guarantee 
O Charge my credit card: O Master Card O Visa. 
Card (Nove tat Ie Expise date 


ADDRESS 


Un? cL EEUU oe eee RATE, a ZIP 


New York residents add applicable sales tax. Available outside 
Western Hemisphere at $44.00 per copy. 
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INTRODUCING STATUS 1000 


WITH AN IMAGINATION 
TO MATCH YOUR OWN 


Status 1000, The ECG Monitor 
That Gives You Programmable 
Control Over Every Aspect Of 
The Stress Test. 

Quintons Status 1000 is the frst 
ECG stress test system that lets you 
use your imagination to modify or 
reprogram at will the various ele- 
ments of a stress test. 

Not just treadmill protocol, 
but lead selection, ST sample point, 
recorder speed, patient name, final 
report content and length, blood 
pressure prompting, etc. Everything 
Is in your control like it should be. 

Use your professional 
imagination to create and program 
customized test procedures for 
pediatric, research, post-M1., 
rehab., or out-patient situations. 

Each physician in your institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions of the ECG system. 

How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces anew term, the “Stress 
Test Environment”. It consists of 16 
test elements. Each element, such 
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as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
1000 is as easy as Operating a pocket 
calculator, so special training is 
not required. 


Comprehensive Data, 
Professionally Presented 

In a single glance you see three 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current). heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on the screen, 
then recorded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full |2-leads. Final 
reports may include a wide variety 
of information. And each report is 
automatically labeled with pertinent 
data. Good bye work sheet. 
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Stay Ahead With The 
Status 1000 

Because of the Status 1000's 
unparalleled flexibility and micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 
institution. Call Quinton toll free at 
|-800-426-0538. 


Quinton 
instrument Co. 


The Stress Test People 


2121 Terry Avenue 
Seattle, Washington 98121 
206/223-7373 Telex 328840 






































On three different visits, the patiente eadi ngs 
have hovered about the 150/95 mmHg le 
Both his father and uncle are currently bei 
treated for high blood pressure; a paternal 
grandfather died in his 605 of a stroke. Neithe 
the physical examination nor the laboratory 
workup indicates target organ damage 
Or coexisting disease. Cholesterol | 


T fe p patient is 30 pounds over- 
eight, smokes several cigars a | 
day, and has a sedentary office job 
He admits he likes his food highly “J 
spiced—and over-salted. Besides con- 
sidering appropriate antihypertens ive agents, 
you may also wish to design. a tre Ja ent 
program that includes weight c 
restriction and exerci 
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ANXIETY 
MAY WELL BE YOUR DIAGNOSIS 
OF HIS PSYCHOLOGICAL CONDITION 





During these visits, you also have 
observed symptoms of excessive 
tension and anxiety in this patient — 
restlessness, irritability, appre- 
20A hension. His history lists anxiety- 
Ne, E related insomnia. 
NN E . L -Should this anxiety persist, despite 
| Ag ai * your reassurance and counseling, 
E "M . N is adjunctive Valium (diazepam/Roche) 
! es | A tii can be especially helpful. Valium 
provides prompt and dependable calming action. Within days, it helps 
reduce anxiety to manageable levels. And Valium is generally well 
tolerated. Side effects more severe than drowsiness, fatique and ataxia 
are rare and seldom serious. As with all CNS-acting agents, patients 
should be cautioned against drinking 
alcoholic beverages or driving while 






Bsa ts RE^QA 6-8006 Ors &40690000 
on Valium therapy. Periodic reassess- 

ment of the need for psychotropic AREND D. BERORMAN, M.D. 
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WHEN ANXIETY 
IS ALSO A NEWLY 
DIAGNOSED PROBLEM 





Non-repeat 


Before prescribing, please see summary | 2) 
of product information on next page. - ^ 
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(diazepam/Roche) 


Before préscribing, please consult complete prod- 
uct information, a summary of which follows: 
Indications: Management of anxiety disorders, or 
short-term relief of symptoms of anxiety; symptomatic 
relief of acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcoho! withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm to 
loca! pathology: spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; con- 
vulsive disorders (not for sole therapy). 

The effectiveness of Valium in long-term use, that is, 
more than 4 months, has not been assessed Dy 
systematic clinical studies. The physician should 
periodically reassess the usefulness of the drug for 

the individual patient. 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle 
glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete 
mental alertness. When used adjunctively in convulsive 
disorders, possibility of increase in frequency and/or 
severity of grand mal seizures may require increased 
dosage of standard anticonvulsant medication, abrupt 
withdrawal may be associated with temporary increase 
in frequency and/or severity of seizures. Advise against 
simultaneous ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms similar to those 
with barbiturates and alcohol have been observed with 
abrupt discontinuation, usually limited to extended use 
and excessive doses. Infrequently, milder withdrawal 
symptoms have been reported following abrupt discon- 
tinuation of benzodiazepines after continuous use, 


- generally at higher therapeutic levels, for at least 


several months. After extended therapy. gradually taper 
dosage. Keep addiction-prone individuals under careful 
surveillance because of their predisposition to habitua- 
tion and dependence. 

Usage in Pregnancy: Use of minor tran- 

quilizers during first trimester should 

almost always be avoided because of in- 

creased risk of congenital malformations 

as suggested in several studies. Consider 

possibility of pregnancy when instituting 

therapy; advise patients to discuss ther- 

apy if they Intend to or do become 

pregnant. 
Precautions: |f combined with other psychotropics 
or anticonvulsants, consider carefully pharmacology 
of agents employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 
depressants may potentiate its action. Usual precau- 
tions indicated in patients severely depressed, or with 
latent depression, or with suicidal tendencies. Observe 
usual precautions in impaired renal or hepatic function. 
Limit dosage to smallest effective amount in elderly and 
debilitated to preclude ataxia or oversedation. 
Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred vision. 
Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 
Dosage: Individualize for maximum beneficial effect. 
Aaults: Anxiety disorders, symptoms of anxiety, 2 to 10 
mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive disorders, 2 to 10 
mg b.i.d. to q.i.d. Geriatric or debilitated patients: 2 to 
2v2 mg. 1 or 2 times daily initially, increasing as needed 
and tolerated. (See Precautions.) Children: 1 to 2V2 mg 
t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium* (diazepam/Roche) Tablets, 2 mg. 
5 mg and 10 mg—bottles of 100 and 500; Tel-E-Dose* 


packages of 100, available in trays of 4 reverse-numbered 


boxes of 25, and in boxes containing 10 strips of 10; 
Prescription Paks of 50, available in trays cf 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
@ Nutley, New Jersey 07110 
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potassium chloride 
for oral solution 


20 mEq (1.5 g. KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KCl) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 10 mg. sodium. 


INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochloremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 

CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis. hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxicationmay result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraindications.” 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 1096 or 2596 containing 10 units of crystalline insulin 
per 20 g. dextrose, given I.V. in a dose of 300cc to 500cc in an hour. 2. 
Adsorption and exchange of potassium using sodium or ammonium 
cvcle cation exchange resin, orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and medicaments. Warnirg: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 6 gram unit 
dose tuper. provides 20 mEq of potassium. Jsual adult dose—1 packet 
of KATO mixed with about 2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals or follow with Ye glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the possibility of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
02-488-30 
1-79 
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SYNTEX PUERTO RICO, INC. 
HUMACAO, PUERTO RICO 00661 
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Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It's 
like pouring salt straight into your 
orange juice—and just about as un- 
drinkable for many patients. That’s 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
taste, the fresh tomato tang that 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO—the fruitless 
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PROCAINAMIDE HYDROCHLORIDE TABLETS 


therapeutic gap exists when 
onventional oral procainamide therapy is administered 
t greater than 3 hour intervals 


Adequate blood levels maintained only 2/3 of the 
ime during a Ó hour dosing interval 


Patient control may be threatened 


10 - Standard procainamide plasma levels (ot steady 
state) following oral administration of a single 750mg dose + 


Optimal therapeutic 
plasmo level rangs 
4-8 mco/ml 


d from K 


fT Weser J, Klen SW; Procainamide d s, plasm 
centrations lini 


och- de sage dules, plc a 
and clinical effects. JAMA 915 (no 9): 1454-1460, March 1, 1971 


£ To avoid unacceptable fluctuations 

n the plasma levels of procainamide, the oral 
preparation available at present has tobe 
iven at 5 h intervals . . 





Bioequivalence of PROCAN SR 
to conventional 

procainamide capsules 
demonstrated in 

multi-dose study? 


Procan SR qóh demonstrates bioequivalence* to 
short-acting formulation of oral procainamide q3h in 
multidose study after steady state is achieved’ 


Concentration 
H g/ml) 


Last 

Dose 
Mean procainamide plasma levels in 12 normal volunteers 
administered Procan SR and conventional procainamide cap- 
sules in a multiple-dose regimen at equal total doses. 


ns ip ph es pon eins Conventional procainamide capsules 
(250 mg 93h) for 18 doses 


Sustained-release procainamide tablets 
(500 mg qóh) for 9 doses f 
- Formulated 
4-175 139. 7), 129 84 218 217 18] 176 1.8) 1.76 
9 202 182 155 1.32 1.56 203 245 215 181 145 123 i 1 
using a speda 
zc " 28 e f Time 4B ‘ SI 5] 59 53 ET 
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namide steady-state urinary excretion, and by equivalent total pro 
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mpared with 60% for conventional procainamide capsules 


for selected cardiac 2 strengths for 


greater Flexibility 


dusrhuthmias 


- Cuts the dosing frequency of conventional 
oral procainamide therapy in half 


E Promotes better patient compliance 
- Helps eliminate the therapeutic gap and 
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HYDROCHLORIDE TABLETS) 
SUSTAINED RELEASE 


The prolonged administration of procainamide 
often leads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like 


syndrome. If o positive RNR titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration of alternative 
antiarrhythmic therapy. 





DESCRIPTION 
Procainamide hydrochloride is the amide analogue 


of procaine hydrochloride. Each tablet of Procan SR 


contains precainamide hydrochloride in a tablet 


- matrix specially designed for the prolonged release 


of the drug in the gastrointestinal tract. Procan SR is 
available far oral administration as creen, film- 


. coated tablets containing 950 mg procainamide 


E. hydrochloride and as yellow, film-coated tablets 


containing 500 mg procainamide hycrochloride. 
ACTION 


. Procainamice depresses the excitability of 


cardiac muscle to electrical stimulation, and slows 
conduction in the atrium, the bundle of His, and the 


... ventricle. The refractory period of the atrium is 


- considerably more prolonged than that of the 
- venticle. Cantractility of the heart is usually not 


... effected nor is cardiac output decreased to any 


.. extent unless myocardial damage exists. In the 


, .. absence of any arrhythmia, the heart rote may 
occasionally be accelerated by conventional doses, 


* suggesting that the drug possesses anticholinergic 
_ properties. Larger doses can induce atrioventricular 
- A block and ventricular extrasystoles which may 


|. proceed to ventricular fibrillation. These effects on 


|. the myocardium are reflected in the electro- 
—.  «ardiogram: o widening of the ORS complex occurs 


most consistently; less regularly, the P-R ond Q-T 


- intervals are prolonged, and the QRS and T waves 


|. show some decrease in voltage. 


— The sustained-release characteristic of Procan SR 

. . toblets has been demonstrated in studies in 
human subjects. A multiple-dose study has shown 

~ equivalent steady-state plasma leve's of Procan SR 
. . tablets given every six hours when compared 

- with an equal total daily dose of Pronestyl® 
(procainamide hydrochloride capsules, E.R. Squibb 


- end Sons) given every three hours. 


Procainamide is less readily hydrolyzed than 


= proccine, and plasma levels decline slowly — about 


E. 10 to 20% per hour for standard dosage forms of 


proccinamide. The drug is excreted primarily in 
the urine, about 10% as free and conjugated 


|... p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 


unknown. 


- INDICATIONS 
~ Oral procainamide is indicated in the treatment of 


premature ventricular contractions and ventricular 


tachycardia, atrial fibrillation, and paroxysmal atrial 


E . tachycardia. 


CONTRRINDICRTIONS 


It has been suggested that procainamide be 


contraindicated in patients with myasthenia 


. gravis. Hypersensitivity to the drug is an absolute 


contraindication; in this connection, cross-sensitivity 


_ to procaine and related drugs must be borne in 


.— mind. Procainamide should not be administered to 
—— patients with complete atrioventriculcr heart block. 





^ Procainamide is also contraindicated in cases of 


second-degree and third-degree R-V block unless 


.. an electrical pacemaker is operative. 


PRECRUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses should be carefully 
watched for in all patients. In the presence of an 
abnormal myocardium, procainamide may ot times 
produce untaward responses. In atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillatfon, with resultant forceful contractions of 
the atrium, may cause a dislodgement of mural 


___* thrombi and produce an embolic episode. However, 


E 
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it has been suggested that, in a patient whois - 
already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in a patient who 
has developed ventricular tachycardia during an 
occlusive coronary episode should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficult to diagnose under 
these circumstances, this complication should 
always be kept in mind when treating ventricular 
arrhythmias with procainamide. If the ventricular 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because asystole may result under 
these circumstances. 


In patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


Instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain. 
Polyarthralgia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, skin lesions, pleural effusion, and 
pericarditis may occur. Rare cases of thrombo- 
cytopenia or Coombs'-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving procainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, should 
have antinuclear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
IF discontinuation of the drug does not cause 
remission of the symptoms, steroid therapy may 

be effective. If the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. It is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possibility 
of such untoward effects should be borne in mind. 


Hypersensitivity reactions, such as angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blood counts are 
advisable during maintenance procainamide 
therapy. The patient should be instructed to 
report any soreness of the mouth, throat, or gums, 
unexplained Fever, or any symptoms of upper 
respiratory tract infection. If any of these should 
occur, and leukocyte counts indicate cellulor 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-release product 
form. The duration of action of procainamide 
hydrochloride supplied in this sustained-release 
product form allows dosing at intervals of every six 


š g . Ner UM 
hours instead of the more frequent every three hour 
dosing interval required for standard preparations 
of oral procainamide hydrochloride. The convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard ~ 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reached. Maintenance may then be 
continued with Procan SA. 


The suggested dosace is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
follewed thereofter by a total daily dosage of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premature 
ventricular contractions is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procan SR is 
50 mg/kg of body weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on an individual basis, the following 
may be used as a guide for providing the total daily 
dosage: patients weighing less than 55 kg (120 Ib), 
0.5 9 every six hours; patients weighing between 
55 and 91 kg (120 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 Ib), 1 
9 every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmia is 
interrupted or the limit of tolerance is reached. 
Maiatenance may then be continued with 

Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1.25 g of standard procainamide hydrochloride 
may be followed in one hour by 0.75 g if there have 
been no electrocardiographic changes. Standard 
procainamide hydrochioride may then be given ata 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenonce dosage for Procan SR 
is 1 g every six hours. 


If procainamide therapy is continued for appreciable 
periods, electrocardiograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 


N 0071-0202 Procan SR 250 mg. Each sustained- 
relecse tablet contains 250 mg procainamide 
hydrochloride. Available in bottles of 100 tablets. 


N 0071-0204 Procan SR 500 mg. Each sustained- 
release, scored tablet contains 500 mg procoin- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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The Pho/Gamma' LEM Scintillation 
Camera provides high resolution, high count 
rate nuclear medicine imaging capability at the 
patient's bedside. The LEM is available with 
power assist or optional power drive and is 
suitable for mobile applications or use in 
stationary settings such as in stress testing 
laboratories. 


The Image Magnifier/Rotator allows 
magnification (up to 2.75 times normal size) 
of camera data prior to digitizing and display. 
Magnification aids in visualizing small organs 
imaged with a large field of view camera. 

The Image Rotator provides 360° rotation of 
camera data to allow operator chosen 
orientation of clinical studies. 


The Pho/Gamma* LFOV™ Scintillation 
Camera is a high performance LFOV 
Detector, integrated with a microprocessor- 
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GAMMA/COR* RCG 


based Standard Console (Scintiview™ 
with Micro Dot Ilmager™) that provides 
cardiac analysis and processing with 
optional ECAP and ACAP programs. 


ZLC provides uniformity and linearity 
correction in a manner which will not distort 
quantitative camera data. The demanding 
camera requirements necessary to perform 
quantitative nuclear carciology are met 
with ZLC. 


The Gamma/Cor ' RCG is a lightweight, 
highly mobile cardiac system which offers a 
unique direct method for rapid, repeatable 
assessment of left ventricular ejection fraction 
in a minimally invasive, safe manner right at 
the patient's bedside. The Gamma/ Cor also 
provides assessment of other cardiac 
parameters such as cardiac output. 
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The accuracy of any less than perfect noninvasive test in detecting cor- 
onary artery disease is critically dependent not only on its sensitivity and 
specificity, but also on the prevalence or pretest likelihood of disease in 
the population under study. Thus, an abnormal test result in a patient with 
a low pretest probability of disease (for example, an asymptomatic 
subject) is considerably more likely to be falsely indicative of disease than 
an identical result in a patient with a high pretest probability (for example, 
a patient with angina). On the basis of both theoretical considerations and 
Clinical studies, it is now clear that diagnostic information derived from 
electrocardiographic exercise testing, radionuclide cineangiography or 
thalium perfusion imaging of persons with a low pretest probability of the 
disease is limited. However, by applying easily obtained clinical infor- 
mation, one can change estimates of the pretest likelihood of coronary 
artery disease and thereby greatly improve diagnostic information derived 
from a normal or an abnormal test result. Thus, the probability of coronary 
artery disease in a middle-aged man with hypertension and hypercho- 
lesterolemia who has an abnormal noninvasive test result is much greater 
than the probability of disease when the same abnormal result occurs in 
a younger man without such risk factors. Probability analysis can further 
enhance diagnostic accuracy if one applies the principle that when the 
results of two test procedures are independent of one another, the post- 
test likelihood of disease derived from the first test can be used as the 
pretest likelihood of disease for the second. Thus, if an electrocardio- 
graphic exercise test result is abnormal and the resulting probability of 
coronary artery disease is estimated at 70 percent, the diagnosis is still 
uncertain. However, the postelectrocardiographic test probability of 70 
percent can be used as the pretest likelihood of coronary artery disease 
for radionuclide testing. If the radionuclide study result is abnormal, the 
probability of disease increases to nearly 100 percent. Thus, (1) nonin- 
vasive testing procedures yield probability estimates of disease, rather 
than simple “yes or no” diagnostic statements; (2) a working knowledge 
of probability analysis will make it easier for the physician to decide which 
patients might benefit from noninvasive diagnostic studies and whether 
more than one test should be employed; (3) this approach can provide 
reliable estimates of the probability that coronary artery disease is present 
or absent in an individual patient. 


Interest in the noninvasive detection of coronary artery disease has in- 
creased considerably with the development of radionuclide techniques 
that permit imaging the myocardium or the left ventricular blood pool 
at rest and, most importantly, during exercise. The initial reports of the 
reliability of these techniques in diagnosing coronary disease have been 
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*ehcouraging.!-1? However, serious questions have been 
raised concerning the reliability of electrocardiographic 
"Cxwetise testing, particularly in the screening of 
asymptomatic subjects.9:20-76 These developments have 
posed important practical questions for the clinician: 
What are the true limitations of electrocardiographic 
exercjse testing? What are the limitations of the ra- 
dionuclide techniques? Should the considerably more 
expensive radionuclide tests supersede electrocardio- 
graphic exercise testing? Is there a role for using these 
tests in combination? 

A rational approach to answering these specific 
questions can be derived from the more general con- 
cepts of conditional probability analysis as applied to 
any diagnostic test that is not perfect (that is, a test in 
which some patients with disease manifest a false neg- 
ative response and other subjects without disease 
manifest a false positive response). The reliability of 
such a less than perfect test is critically affected by the 
prevalence, or pretest likelihood of disease in the pop- 
ulation under study. This fact has important implica- 
tions for the use of noninvasive testing procedures in 
screening patients with a low pretest likelihood of dis- 
ease. Because a positive test result in a subject with no 
overt clinical evidence of coronary disease is likely to be 
false positive, the use of such testing procedures in this 
manner is open to serious question. 

The present review outlines the practical implications 
of the concepts of conditional probability, defines the 
uses and limitations of electrocardiographic exercise 
testing, radionuclide cineangiography and thallium 
perfusion scanning in detecting coronary artery disease 


TABLE | 


Relation of Predictive Value to the Prevalence of Disease in 
the Study Population (test sensitivity = 75 percent, 
specificity = 85 percent) 


Subjects (n) 
With Positive With Negative 
Total Test Test 
Disease prevalence = 90% 
With disease 900 675 225 
Without disease 100 15 85 
Total 1000 690 310 
Predictive value 

675 

f positi -—- 

Of positive test 690 
Of negative test = 31 

= 98% = 27% 
Disease prevalence = 3% 
With disease 30 23 7 
Without disease 970 146 824 
Total 1000 169 831 
Predictive value 

23 

f iti "a. 

Of positive test 169 
824 
Of tive test a 
negative tes 831 

= 14% = 99% 
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and provides data in a readily applicable format that the 
physician can use to determine (1) the pretest proba- 
bility of coronary artery disease in an individual subject, 
(2) the likelihood that, for a given patient, clinically 
useful information can be anticipated from a noninva- 
sive screening study, and (3) the advisability of under- 
taking combinations of noninvasive studies to define 
more accurately the likelihood that coronary artery 
disease is present. 


Dependence of Predictive Value of a Diagnostic Test 
on Disease Prevalence 


Electrocardiographic exercise testing was initially 
believed to be highly accurate in the detection of coro- 
nary artery disease. As a result, great reliance was placed 
on this technique as a diagnostic tool. However, this 
belief was derived from results of studies?7! in 
symptomatic patients, who had a high likelihood of 
having coronary artery disease before the test was ad- 
ministered (high pretest likelihood of disease). More 
recently, the reported low predictive value of electro- 
cardiographic exercise testing in asymptomatic subjects 
(low pretest likelihood of disease) raised questions 
concerning the test's reliability.” These latter studies 
led us to appreciate the implications of Bayes' theorem 
on the limits of reliability of less than perfect diagnostic 
tests. 

Bayes’ theorem’? states that, although the reliability 
of a less than perfect diagnostic test is defined by the 
test's sensitivity and specificity, a test cannot be ade- 
quately interpreted without reference to the prevalence 
of the disease in the population under study (pretest 
likelihood of having the disease). This derives, in part, 
from the fact that a finite proportion of normal subjects, 
defined by the test specificity, will manifest an abnor- 
mal (false positive) response. Predictive value of a 
positive test is thereby diminished to an extent that is 
related partly to the proportion of normal subjects in 
the population being tested. The calculations in Table 
I illustrate the dependency of predictive value on the 
prevalence of disease in the study population whenever 
a test has a specificity of less than 100 percent. Thus, if 
a test with 75 percent sensitivity and 85 percent speci- 
ficity is “positive” in a patient with a 3 percent pretest 
likelihood of coronary artery disease (as would be the 
case in an asymptomatic young subject), the predictive 
value (or post-test likelihood of disease being present) 
is only 14 percent. In contrast, if the identical positive 
test result is found in a person with a 90 percent pretest 
likelihood of coronary artery disease (as in a patient 
with angina), the predictive value is 98 percent. The 
predictive value of a negative test is likewise related to 
the prevalence of disease in the population being tested, 
although this relation is the inverse of that found with 
a positive test (Table I). Thus, in a population with a 
high prevalence rate of disease, a negative test is of little 
diagnostic accuracy, whereas it has a high predictive 
value in a population with a low prevalence rate of dis- 
ease. 

The large discrepancy in the predictive value of 
exercise tests when performed in symptomatic patients 
versus asymptomatic subjects is but an extreme ex- 
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ample of Bayes' theorem. Figure 1 graphically illus- 
trates the complete spectrum of the effect that disease 
prevalence has on estimates of post-test likelihood of 
coronary artery disease. In this example, post-test 
likelihood of coronary artery disease is plotted as a 
function of pretest likelihood of disease, given a test that 
has a sensitivity of 75 percent and specificity of 85 
percent. These values approximate the sensitivity and 
specificity of electrocardiographic exercise testing when 
the results from multiple centers are analyzed.®20- 
29,27-31,33,34 The curve demonstrates that the post-test 
likelihood of coronary artery disease being present must 
be extremely high among a subgroup of persons with 
high pretest likelihood of disease, such as patients with 
typical angina pectoris or a history of previous myo- 
cardial infarction. 

Because previous investigators?’-*! generally derived 
their study patients from such groups, the reliability of 
the electrocardiographic response to exercise testing was 
found to be excellent and it was therefore concluded 
that a positive electrocardiographic response accurately 
predicts underlying coronary artery disease. However, 
the curve also demonstrates that the post-test proba- 
bility of coronary artery disease is low, even in the 
presence of a positive test, when an asymptomatic group 
(with a low prevalence of disease) is tested. This relation 
undoubtedly accounts for the low predictive value of the 
electrocardiographic response to exercise for the 
subjects without cardiac symptoms evaluated in studies 
at The National Heart, Lung, and Blood Institute?3:25 
and in those of Froelicher et al.?! and the Coronary 
Artery Surgery Study.”° These considerations indicate 
that an abnormal S-T segment response to exercise 
stress testing, rather than providing a definitive answer 
as to the presence of coronary artery disease, yields a 
probability statement importantly dependent on the 
type of patient population under study. Similar con- 
clusions pertain to the interpretations of a negative test 
(Fig. 1). 


Concept of Continuum of Risk 


The data plotted in Figure 1 tend to simplify a com- 
plex subject and should be further refined. For example, 


Test: 
Sensitivity 75% 
Specificity 85% 


—— Positive Test 
— — Negative Test 
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FIGURE 1. Influence of pretest likelihood of coronary artery disease 
(CAD) on the post-test likelihood of coronary arterv disease. 
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"NONINVASIVE DETECTION OF CORONARY idia “4 
| 

it has recently been pointed out that changes in S-T* 
segments during exercise testing do not provide a yes 
or no statement regarding the presence of coronare 
tery disease, but rather offer a probability statement 
based on a continuum of risk.9:33.3436 A “positive” test 
result consisting of a 1 mm S-T segment depression in 
an asymptomatic 50 year old man has a very low.prob- 
ability of being associated with coronary artery disease 
and therefore is of questionable diagnostic importance, 
whereas a “positive” result consisting of an S-T de- 
pression of 2 mm or more in the same asymptomatic 
subject has a very high probability of reflecting coronary 
artery disease (Fig. 2). A “very” positive result can’ 
therefore be of diagnostic aid. 

Moreover, it is also possible that the addition of other 
exercise test results (such as inadequate rise of systemic 
blood pressure, abnormal S-T segments developing at 
low levels of exercise and prolonged duration of such 
abnormalities after cessation of exercise) may alter 
post-test estimates of disease probability. However, 
more information relating to sensitivity (especially in 
asymptomatic patients) and specificity is necessary 
before the role of such results in estimating probability 
of disease can be ascertained. 





Importance of Estimating Pretest Likelihood of 
Coronary Disease 


Up to now we have considered only the extremes of 
pretest likelihood of disease. What about the use of 
electrocardiographic exercise testing as a diagnostic aid 
in a patient with atypical angina or in the asymptomatic 
subject with hypertension, hypercholesterolemia and 
a history of heavy smoking? Do these subjects have an i 
intermediate pretest likelihood of coronary disease and, à 
if so, is a positive electrocardiographic response to ex- | 
ercise more reliable in establishing the diagnosis of — 
coronary artery disease in such patients? : 

Most clinicians implicitly accept and utilize the 3 
concept that likelihood of disease is greater in the 
presence than in the absence of such risk factors. For 
example, a positive electrocardiographic response to 
exercise in a subject with a high cholesterol level, hy- 
pertension and a history of heavy smoking would 
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FIGURE 2. Family of S-T segment depression curves (based on data - 
derived from Diamond and Forrester?^) and likelihood of coronary artery E 
disease (CAD). ST} = S-T segment depression. ; .. 
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"probably be interpreted by the clinician as indicating 
a greater probability of underlying coronary disease 

would the same test result in a subject who has a 
low cholesterol level, is normotensive and does not 
smoke. This approach illustrates how the clinician 
intuitively employs probability analysis in making di- 
agnostic assessments. He or she ascertains whether risk 
factors are present or absent and uses the information 
to alter the estimate of pretest likelihood of coronary 
artery disease. This, in turn, alters the estimate of the 
post-test likelihood of disease given the same exercise 
test result. Formal conceptualization of these intuitive 
approaches has appeared in a recent series of excellent 
articles.33,34,37,38 


Establishment of Pretest Likelihood of Coronary 
Artery Disease 


Symptoms: A quantitative analysis of pretest risk 
was presented recently by Diamond and Forrester.?* 
These authors analyzed the results of autopsy and 
clinical studies to derive figures for the prevalence of 
coronary artery disease in persons with and without a 
history of chest pain. They also analyzed the data with 
regard to the prevalence of coronary artery disease as 
related to age. Their important paper thereby puts into 
perspective the quantitative influence of such factors 
on prevalence of coronary artery disease. As such, it 
refines and enhances conclusions concerning the 
probability of disease being present in an individual 
subject as a result of findings on an exercise test. 

Figure 3 is derived from the data base used by Dia- 
mond and Forrester and relates prevalence of coronary 
artery disease to both age and symptomatic status. A 
wide range of prevalence levels for coronary disease is 
exhibited among those subjects with no symptoms, 
those with typical angina pectoris and those with chest 
pain having some but not all of the classic features of 
typical angina (atypical angina). The data also dem- 
onstrate the well known facts that the prevalence of 
coronary artery disease increases with age and that for 
each of the subgroups women have a lesser prevalence 


= of disease at any given age than men. 


Several important and practical points can be de- 
rived from Figure 3. On the basis of a subject’s age and 
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FIGURE 3. Influence of age, sex and symptoms on risk of coronary 
| artery disease (CAD) (derived from data of Diamond and For- 


rester?^). 
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presence or absence (as well as type) of chest pain, the 
probability of the presence of coronary artery disease 
can be approximated. Thus, the likelihood of coronary 
artery disease being present in a 35 year old woman with 
atypical chest pain is about 5 percent, whereas that in 
a 50 year old man with atypical chest pain is approxi- 
mately 50 percent. These probability estimates of cor- 
onary artery disease have intrinsic value for the clini- 
cian. For our purposes, their great importance derives 
from the fact that they can be used to establish a more 
refined estimate of pretest likelihood of disease for in- 
terpreting the results of any screening test for coronary 
artery disease. Thus, a positive electrocardiographic 
response to exercise in the 35 year old woman with a 5 
percent pretest likelihood of disease would be associated 
with an approximately 20 percent probability of 
underlying coronary artery disease as compared with 
a greater than 80 percent probability of disease in the 
50 year old man, who has a 50 percent pretest likelihood 
of disease (use the data derived from Figure 3 as the 
pretest values for Figure 1). Conversely, the presence 
of a negative test result would essentially rule out the 
possibility of coronary artery disease in the woman 
(merely confirming the original low pretest estimate of 
disease likelihood), whereas the man would still have 
a 20 percent chance of having disease. 

This approach also demonstrates that only a marginal 
increase in diagnostic accuracy would be obtained in 
employing electrocardiographic exercise testing in a 
man 50 years of age or more with typical angina pectoris. 
This man, on the basis of history alone, already has a 90 
percent or greater probability of disease (Fig. 3). But an 
argument could be made for carrying out exercise test- 
ing in the 45 to 60 year old woman with typical angina 
because of the not unlikely possibility that the subject 
may be free of coronary disease. Although the symptom 
by itself does not allow the physician to make a defini- 
tive diagnosis of coronary artery disease, it provides a 
high enough estimate of pretest likelihood of disease so 
that a positive electrocardiographic response to exercise 
in this context would indicate a 90 percent or greater 
probability of coronary disease (Fig. 1 and 3). However, 
a negative test in such a woman would not be extremely 
helpful because there would still be an approximately 
40 percent chance of disease being present (Fig. 1). 

This analysis also demonstrates what is undoubtedly 
the major reason why women consistently have been 
found to manifest more false positive electrocardio- 
graphic responses to exercise than men: For any given 
electrocardiographic response, the lower pretest like- 
lihood of disease in women is necessarily associated with 
a lower post-test probability of coronary disease than 
that found in men.?° 

Other risk factors: The question often arises as to 
whether or not asymptomatic persons can, by analysis 
of risk factors, be characterized as having a sufficiently 
high likelihood of coronary disease such that the results 
of electrocardiographic exercise testing would result in 
a diagnostically significant statement about the pres- 
ence of underlying coronary disease. Rifkin and Hood? 
and subsequently Diamond and Forrester?^ suggested 
that data from the “Coronary Risk Handbook,” based 


~ 
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on the results of the Framingham Study and published 
by the American Heart Association,?? could be used in 
screening studies to provide estimates of the pretest 
likelihood of coronary artery disease in asymptomatic 
subjects. The Framingham data provide information 
on the relation of serum cholesterol values, age, a history 
of smoking, glucose intolerance and signs of left ven- 
tricular hypertrophy in the electrocardiogram to the 
. Incidence of coronary artery disease, that is, the fre- 
quency with which overt clinical manifestations of 
disease develop within 6 years. Data based on the inci- 
dence with which disease appears do not necessarily 
reflect the prevalence of disease (that is, the probability 
of disease being present at the time of evaluation), 
which is what is used to establish pretest likelihood of 
coronary disease in the analyses we have been consid- 
ering. However, Diamond and Forrester?* demonstrated 
a linear correlation between age-related prevalence of 
coronary disease, estimated from pooled autopsy data, 
and the 6 year incidence of disease as reported by the 
Framingham Study. They therefore concluded that the 
Framingham risk factor data can be used to assess 
pretest likelihood of disease in asymptomatic per- 
sons. 

Figures 4 and 5 depict some of the risk factor data 
provided by the American Heart Association publi- 
cation?? and put into perspective the range of pretest 
likelihood of disease that can be expected in asymp- 
tomatic persons. Figure 4 demonstrates the effects of 
age, serum cholesterol and blood pressure on prevalence 
of coronary artery disease in nonsmoking men 35 to 55 
years old. Figure 5 displays similar information for 
nonsmoking women aged 45 to 55 years. In such popu- 
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FIGURE 4. Effect of age, serum cholesterol and blood pressure (BP) 
on risk of coronary artery disease in nonsmoking men 35 to 55 years 
of age. (The graph is based on data derived from the Framingham 
Study,?? in which the cholesterol values were obtained using the 
Abell-Kendall method. Most direct and automated cholesterol deter- 
minations give values 5 to 15 percent above that given in this graph.) 
ECG = electrocardiogram; LVH = left ventricular hypertrophy. 
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lations it can be seen that although increasing age, 
serum cholesterol levels and hypertension increase risk 
of underlying coronary artery disease, the level obmttft, 
even at the extremes, is not very elevated. Thus, a 55 
year old man with a high cholesterol level and a systolic 
blood pressure of 195 mm Hg would have an approxi- 
mately 20 percent chance of having underlying caronary 
artery disease, even if he were asymptomatic. Although 
this would place him in a reasonably high risk group, if 
electrocardiographic exercise testing caused 1 mm S-T 
segment depression the 20 percent pretest likelihood 
of coronary disease would result in a less than 50 percent 
chance of his having disease and a negative test would 
reduce his chances of having disease to only about 10 
percent. Of course, if the same person were to have S-T 
segment depression of 2.5 mm or more, the chances of 
coronary disease being present would be increased to 
almost 90 percent. Because of the low prevalence rate 
of coronary disease in women, analysis of age, serum 
cholesterol and blood pressure in a nonsmoking popu- 
lation (Fig. 5) would contribute even less to interpreting 
the electrocardiographic response to exercise in women 
than it would in men. 

However, when a high serum cholesterol level and 
hypertension are found in older asymptomatic persons 
who also have a history of smoking and documented 
glucose intolerance, the risk of having coronary disease 
is substantially increased.?? These additional risk fac- 
tors, if present, might sufficiently increase the pretest 
likelihood of disease so that a positive electrocardio- 
graphic response to exercise would be indicative of a 
very high probability of coronary disease. Conversely, 
a negative exercise test in patients with such interme- 
diate levels of pretest likelihood of disease would yield 
an equivocal diagnostic statement (Fig. 2). 
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FIGURE 5. Effect of age, serum cholesterol and blood pressure on risk 


of coronary artery disease in nonsmoking women 45 to 55 years of age. . 
(See legend to Fig. 4.) . 
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* {mplications: From the previous discussion, it is 


Sag that exercise electrocardiography is of little 


V n patients whose history indicates a high pretest 
likelihood of coronary artery disease: (1) A positive test 
result in such patients is of marginal diagnostic im- 
portance because it only slightly increases an already 
high likelihood of coronary disease, and (2) a negative 
result in these patients is valueless clinically because of 
the very high proportion of patients with false negative 
results. Conversely, electrocardiographic exercise 
testing is of questionable value in patients with a low 
pretest likelihood of coronary artery disease in that a 
positive response is often falsely positive and a negative 
response merely confirms an already low likelihood of 
disease. The S-T segment response to exercise has 
limited value in the prediction of coronary artery disease 
even in subjects who have intermediate levels of esti- 
mated pretest likelihood of disease. Thus, when pretest 


- likelihood of disease is 40 to 80 percent, an exercise test 


resulting in S- T segment depression greater than 1 mm 
but less than 2 mm is still associated with considerable 
diagnostic uncertainty, as is a negative test (Fig. 2). 


Electrocardiographic exercise testing would be of con- 


siderable diagnostic aid in this situation only when 


. marked (2 mm or more) S-T segment depression occurs, 


a result that is observed in only about 20 percent of 
mildly symptomatic patients (Kent KM, Epstein SE, 


. unpublished data). 


Relative Value of the S-T Segment Response to 
Exercise, Gated Blood Pool Imaging of the Left 
Ventricle and Thallium Perfusion Imaging 


The criteria for establishing a positive or negative 
result in each of the aforementioned tests are still being 
modified and technologic improvements in radionuclide 
techniques are rapidly occurring. For example, new 
tomographic techniques for analyzing thallium scans 
may result in considerably higher sensitivity and spec- 
ificity values. Similarly, the sensitivity and specificity 
data of blood pool studies employed in the subsequent 
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analysis are based on the experience in our laboratory, 
where this technique was partly developed. The ad- 
vanced software formats and computer technology that 
have been designed allow considerably more flexibility 
in image processing, and thereby image quality, than do 
currently available commercial models. Patients also 
are carefully screened by physical examination and 
echocardiography to exclude those with coexisting 
cardiac disease, which often leads to abnormal findings 
in the blood pool study. All cardiac drugs are also dis- 
continued. Under these conditions, sensitivity and 
specificity have proved to be higher than as yet obtained 
in many other laboratories. 

How increased sensitivity and specificity can 
alter diagnostic statements: Because of all these 
considerations, the precise values for sensitivity and 
specificity for each of these tests are still evolving and 
vary from center to center. Nonetheless, the major point 
to be emphasized here is conceptual: how increased 
sensitivity and specificity can alter the clinician’s di- 
agnostic statements. To illustrate this in more concrete 
terms, the sensitivity and specificity of each of the tests 
were approximated: values for electrocardiographic 
exercise testing and thallium perfusion imaging were 
derived from published studies!-19:22.28-31,33-36 and were 
very close to the values derived from an extensive 
analysis of published data reported by Diamond and 
Forrester?*; values for blood pool imaging of the left 
ventricle were based (as noted earlier) on our experience 
at the National Institutes of Health.!? 

The resulting curves relating post-test likelihood of 
disease determined by each of these three techniques 
to pretest likelihood of coronary disease (Fig. 6) indi- 
cate (1) that S-T segment analysis of the exercise elec- 
trocardiogram has the lowest predictive value of the 
three tests, (2) that blood pool imaging of the left ven- 
tricle during rest and exercise with technetium (radio- 
nuclide cineangiography) has the highest predictive 
value, and (3) that thallium imaging of the myocardium 
(perfusion imaging) has an intermediate predictive 
value. As emphasized earlier, it is not important to focus 
on whether radionuclide cineangiography is or is not 
superior to thallium perfusion imaging in detecting the 
presence or absence of coronary disease. The major 
point illustrated by Figure 6 is that even the higher 
sensitivity and specificity provided by radionuclide 
cineangiography and thallium perfusion studies, as 
compared with those of electrocardiographic exercise 
testing, are of aid mainly in patients with intermediate 
levels of pretest likelihood of coronary disease. For ex- 
ample, the pretest likelihood of coronary disease im a 45 
year old man witkeatypical angina would be about 40 to 
50 percent (Fig. 3). Then the probability of coronary 
disease in this man would be only about 80 percent given . 
a positive electrocardiographic exercise response, about 
85 percent given a positive thallium scan and about 95 
percent given an abnormality in left ventricular con- 
tractile function detected by gated blood pool imaging. 
Conversely, the estimated probability of coronary dis- 
ease would be reduced to less than 5 percent if the gated 
blood pool scintigram were normal, to about 10 percent 
if the thallium scan were normal, but to only 20 percent 


AS 


and 


if the electrocardiographic exercise test were normal. 
However, in the subjects with a low pretest likelihood 
of disease (15 percent or less), even the higher sensitivity 
and specificity of radionuclide cineangiography and 
thallium perfusion imaging do not imbue a positive test 
response with a high predictive value. Likewise, none 
of the tests convey much useful information in patients 
with a high pretest likelihood of disease (Fig. 6). 


Use of a Combination of Tests to Increase 
Diagnostic Reliability 


The lack of reasonably definitive diagnostic state- 
ments that can be derived from a positive result in any 
of the three tests in subjects with low pretest likelihood 
of disease leaves the physician in a therapeutic dilemma 
and the patient with considerable anxiety. Similar 
problems emerge when the electrocardiographic re- 
sponse to exercise or thallium scan is positive in subjects 
with intermediate levels of pretest likelihood of disease. 
In such situations the results of a second diagnostic test 
can appreciably improve the probability estimates 
provided by one test alone.3437 This conclusion is based 
on the fact that when the results of two test procedures 
are independent of each other, the post-test likelihood 
of disease derived from the first test can be used as the 
pretest likelihood of disease for the second. 

The following example illustrates this concept: 
Suppose a 35 year old woman with typical angina has 
a positive electrocardiographic response to exercise. Her 
age and history would give her a 25 percent pretest 
likelihood of coronary disease before exercise testing 
(Fig. 3). If a 1 mm S-T segment depression developed 
in response to exercise, the post-test likelihood of dis- 
ease would be approximately 50 percent (Fig. 2). Al- 
though the probability of coronary disease is higher than 
before the exercise test was carried out, there is enough 
diagnostic uncertainty to raise the question of whether 
cardiac catheterization should be employed to establish 
the diagnosis definitively. However, if radionuclide 
blood pool imaging were now employed, a positive test 
would almost unequivocally establish the presence of 
coronary disease. Thus, on the basis of the results of the 
exercise electrocardiogram, the pretest likelihood of 
coronary artery disease before the radionuclide study 
would be 50 percent; a positive radionuclide study in 
this instance would establish close to a 95 percent 
probability of disease (Fig. 6). Likewise, a positive 
myocardial perfusion scan with thallium would also 
establish a high post-test probability of disease (about 
90 percent). 

Conversely, a negative radionuclide study can pro- 
vide considerable help when a positaye electrocardio- 
graphic response to exercise results in an intermediate 
level of post-test likelihood of disease. For example, if 
a post-test likelihood of disease was estimated at 35 
percent after electrocardiographic exercise testing (in 
an asymptomatic middle-aged man with 2 mm S-T 
segment depression), a normal blood pool scan would 
establish the probability of disease as less than 5 percent 
(Fig. 2 and 6). 

It is important to emphasize that the post-test like- 
lihood of disease derived from a given test can be used 
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for the pretest likelihood of a second test only if the 
results of the two tests are entirely independent of o 
another. Such independence derives from indapen tae 
of pathophysiologic processes that lead to a positive test. 
In studies published to date, patients with false positive 
S-T segment responses to exercise usually (but not in- 
variably) have normal perfusion or blood pool seans. It 
would therefore appear reasonable to conclude, at least 
until more data are available, that these three tests, 
which assess abnormalities in myocardial electrophys- 
iology (exercise electrocardiogram), left ventricular 
function (gated blood pool imaging) and myocardial 
perfusion (thallium scan) can probably be used in this 
manner. However, it seems unlikely that changes in the 
different wave components of the electrocardiogram 
that occur in response to exercise represent entirely 
independent manifestations of electrophysiologic ab- 
normalities. For example, it is highly questionable 
whether changes in R wave amplitude during exercise 
can be used to establish a new pretest likelihood of 
coronary disease for analysis of the S- T segment re- 
sponse to exercise. 

This analysis should not be construed as an argu- 
ment favoring the routine use of a combination of 
electrocardiographic and radionuclide studies. For 
example, in patients with a high pretest probability of 
disease, one or more screening tests add little diagnostic 
information to that available before testing. Likewise, 
it has not been demonstrated that routine screening 
studies in asymptomatic subjects (and certainly not a 
combination of screening studies employing different 
technologies) will have a meaningful impact on patient 
care, other than substantially increasing the cost of such 
care.15252541 The major use of multiple studies at 
present would appear to be in the more accurate as- 
sessment of disease probability in the patient who, on 
clinical grounds, has an intermediate probability of 
disease. 


Reservations and Conclusions 


In this review I have attempted to set forth the im- 
plications of probability analysis as applied to nonin- 
vasive screening studies for the detection of coronary 
artery disease. The use of probability analysis will make 
it easier for the clinician to decide which patients might 
benefit from noninvasive diagnostic studies to detect 
coronary artery disease and whether more than one test 
should be employed. Such decisions must be based, 
most importantly, on the pretest likelihood of coronary 
artery disease estimated for the individual patient and 
on the sensitivity and specificity of the test or tests that 
are being considered. 

However, several reservations must be noted re- 
garding the specifics of the analysis contained in this 
manuscript. The tables and figures are derived from 
data obtained from an analysis of published reports. 
These data are often preliminary and incomplete, and 
the results of one center usually vary when compared 
with those of another. The resulting probability esti- 


mates are therefore only approximations. In addition, ' 
many assumptions have been made in calculating the . 


data. For example, it has been assumed that the sensi- 
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fivity of a test is the same for an asymptomatic subject 
ag tor a symptomatic patient. There is evidence?5^! to 
ind*eáte that this may not be the case. Hence, the reli- 
ability of tests in individuals in a group with low disease 
prevalence may be even less than that suggested by the 
graphs in this paper. Also, the sensitivity and specificity 
values used in this analysis are based on results in pa- 
tients with coronary artery disease of varying degrees 
of severity. As has been demonstrated with electrocar- 
diographic exercise testing,?^?93! sensitivity of blood 
pool imaging of the left ventricle and thallium perfusion 
imaging is undoubtedly influenced by the number of 
coronary vessels involved and the extent of disease. 
Finally, the validity of using two or more tests in the 
same subject to increase the reliability of the resulting 
diagnostic statements derives from the critical as- 
sumption that the tests are based on end points that are 
independent of one another. However, this assumption 
has not been definitively proved to apply to these three 
diagnostic tests. Nonetheless, the conceptual approach 
outlined here and succinctly developed by previous 
authors$:33.3437,38 should provide the clinician with a 
more rational basis for the use of noninvasive tests in 
the detection of underlying coronary artery disease. 


Appendix 
DEFINITIONS 


Predictive value 
of a positive test 


— the probability that a patient has disease, 
given a positive test outcome 
» number of patients with disease 
total number of patients with a positive test 


Predictive value 
of a negative test 


— the probability that a patient does not have 
disease, given a negative test outcome 
"a number of subjects without disease 
total number of subjects with a negative test 
Sensitivity 
= the probability a patient with disease will have 
a given test result 


number of patients with disease with a given test 
result. 


= A total number of tested patients with disease 
Specificity 
= the probability a patient without disease will 
not have the given test result 


number of disease-free subjects not showing 
the test result 


= total number of disease-free subjects tested 
Pretest likelihood 
(= prior probability) 
= the probability of disease in a subject to be 
tested 


number of patients with disease in the test 
population 
~ total number of patients in the test population 
Post-test likelihood 
(= posterior probability) 
= the probability of disease in a subject showing 
a given test result 


number of patients with disease showing a 
given test result 


~ total number of subjects showing the test result 


References 


1. Ritchie JL, Zaret BL, Strauss HW, et al. Myocardial imaging with 
thallium-201: a multicenter study in patients with angina pectoris 
or acute myocardial infarction. Am J Cardiol 1978;42:345-50. 

2. Bailey IK, Griffith LSC, Rouleau J, Strauss HW, Pitt B. Thallium- 
201 myocardial perfusion imaging at rest and during exercise. 
Circulation 1977;55:79-87. 

4. Ritchie JL, Trobaugh GB, Hamilton GW, et al. Myocardial imaging 
with ??'thallium at rest and during exercise: comparison with 
coronary arteriography and resting and stress electrocardiography. 
Circulation 1977;56:66-7 1. 

4. Corne RA, Gotsman MS, Weiss A, et al. Thallium-201 scintigraphy 
in diagnosis of coronary stenosis. Br Heart J 1979;41:575-83. 

5. Botvinick EH, Taradash MR, Shames DM, Parmley WW. Myo- 
cardial perfusion scintigraphy for the clinical clarification of normal, 
abnormal and equivocal electrocardiographic stress tests. Am J 
Cardiol 1978;41:43-51. 

6. Hamilton GW, Trobaugh GB, Ritchie TL, Gould KL, DeRouen TA, 
Williams DC. Myocardial imaging with thallium-20 1: an analysis 
of clinical usefulness based on Bayes' theorem. Semin Nucl Med 
1978;8:358-64. 

7. Turner DA, Battle WE, Deshnick H, et al. The predictive value of 
myocardial perfusion scintigraphy after stress in patients without 
previous myocardial infarction. J Nucl Med 1978;19:249-55. 

. 8. Blood DK, McCarthy DM, Sciacca RR, Cannon PJ. Comparison 
of single-dose and double-dose thallium-20 1 myocardial perfusion 
scintigraphy for the detection of coronary artery disease and prior 


myocardial infarction. Circulation 1978;58:777-88. 

9. Faris JV, Burt RW, Graham MC, Knoebel SB. Computerized sta- 
tistical enhancement of stress thallium-201 images. Circulation 
1977;55,56:Suppl III:III-111—40. 

10. McLaughlin PR, Martin RP, Doherty PW, et al. Thallium-201 
myocardial imaging: how critical is the level of exercise" (abstr). 
Circulation 1976;53:Suppl II:1I-217. 

11. Okada RD, Raessler KL, Woolfenden JM, et al. Thallium-201 
stress test in patients with suspected coronary artery disease 
(abstr). Circulation 1977;55,56:Suppl III:III- 140. 

12. Pond M, Rehn T, Bailey |, Pitt B, Becker L. Specificity of thal- 
lium-20 1 myocardial imaging in patients with chest pain and sus- 
pected coronary artery disease (abstr). Am J Cardiol 1978;41: 
442. 

13. Meller J, Goldsmith SJ, Rudin A, et al. Spectrum of exercise 
thallium-201 myocardial perfusion imaging in patients with chest 
pain and normal coronary angiograms. Am J Cardiol 1979;43: 
717-23. 

14. McCarthy DM, Blood DK, Sciacca RR, Cannon PJ. Single dose 
myocardial perfusion imaging with thallium-201: application in 
patients with nondiagnostic electrocardiographic stress tests. Am 
J Cardiol 1979;43:899-906. 

15. Caldwell JH, Hamilton GW, Sorensen SG, Ritchie JL, Williams 
DL, Kennedy JW. The detection of coronary artery disease with 
radionuclide techniques: a comparison of rest-exercise thallium 
imaging and ejection fraction response. Circulation 1980;6 1: 


"ne. d 


498 September 1980 The American Journal of CARDIOLOGY Volume 46 


16. 


tf. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


610-9. 

Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, 
Johnston GS. Real-time radionuclide cineangiography in the 
noninvasive evaluation of global and regional left ventricular 
function at rest and during exercise in patients with coronary artery 
disease. N Engl J Med 1977;296:839-44. 

Borer JS, Kent KM, Bacharach SL, et al. Sensitivity, specificity 
and predictive accuracy of radionuclide cineangiography during 
exercise in patients with coronary artery disease: comparison with 
exercise electrocardiography. Circulation 1979;60:572-80. 
Jengo JA, Oren V, Conant R, et al. Effects of maximal exercise 
stress on left ventricular function in patients with coronary artery 
disease using first pass radionuclide angiocardiography. A rapid 
noninvasive technique for determining ejection fraction and seg- 
mental wall motion. Circulation 1979;59:60-5. 

Berger HJ, Reduto LA, Johnston DE, Berkowski H. Global and 
regional left ventricular response to bicycle exercise in coronary 
artery disease. Am J Med 1979;66:13-21. 

Redwood DR, Borer JS, Epstein SE. Whither the ST segment 
during exercise? Circulation 1976;54:703-6. 

Froelicher VF, Yanowitz FG, Thompson AJ, Lancaster MC. The 
correlation of coronary angiography and the electrocardiographic 
response to maximal treadmill testing in 76 asymptomatic men. 
Circulation 1973;48:597-604. 

Borer JS, Brensike JF, Redwood DR, et al. Limitations of the 
electrocardiographic response to exercise in predicting coronary 
artery disease. N Engl J Med 1975;293:367-7 1. 

Epstein SE. Value and limitations of the electrocardiographic re- 
sponse to exercise in the assessment of patients with coronary 
artery disease. Am J Cardiol 1978;42:667-74. 

Epstein SE: Limitations of electrocardiographic exercise testing. 
N Engl J Med 1979;301:264-5. 

Weiner DA, Ryan TJ, McCabe CH, et al. Correlations among 
history of angina, ST-segment response and prevalence of coro- 
nary-artery disease in the coronary artery surgery study (CASS). 
N Engl J Med 1979;301:230-5. 

Dixon J, Margolis JR. Accuracy of exercise tests: role of patient 
selection (abstr). Circulation 1976;54:Suppl II:1I-205. 

Mason RE, Likar I, Biern RO, Ross RS. Multiple-lead exercise 
electrocardiography: experiences in 107 normal subjects and 67 
patients with angina pectoris and comparison with coronary 
cinearteriography in 84 patients. Circulation 1967;36:517-25. 


September 1980 The American Journal of CARDIOLOGY Volume 46 


28. 


29. 


30. 


31. 


32. 
33. 


34. 


35. 


36. 


41. 


Goldschlager N, Selzer A, Cohn K. Treadmill stress tests as indi-e 


cators of presence and severity of coronary artery disease. Ann 
Intern Med 1976;85:277-86. 


Roitman D, Jones WB, Sheffield LT. Comparison of submaxiifíal 


exercise ECG test with coronary cineangiocardiogram. Ann Intern 
Med 1970;72:641-7. 

Kasselbaum DG, Sutherland KI, Judkins MP. A comparison of 
hypoxemia and exercise electrocardiography in coronary artery 
disease: diagnostic precision of the methods correlated with cor- 
onary angiography Am Heart J 1968;75:759-76. 

Bartel AG, Behar VS, Peter RH, Orgain ES, Kong Y. Graded ex- 
ercise stress tests in angiographically documented coronary artery 
disease. Circulation 1974;49:348-56. 

Bayes T. An essay toward solving a problem in the doctrine of 
chance. Philos Trans R Soc Lond 1763;53:370. 

Rifkin RD, Hood WB. Bayesian analysis of electrocardiographic 
exercise stress testing. N Engl J Med 1977;297:68 1-6. 
Diamond GA, Forrester JS. Analysis of probability as an aid in the 
Clinical diagnosis of coronary-artery disease. N Engl J Med 
1979;300: 1350-8. 

Aldrich RF, Brensike JF, Battaglini JW, et al. Coronary califications 
in the detection of coronary artery disease and comparison with 
electrocardiographic exercise testing. Results from the NHLBI Type 
Il Coronary Intervention Study. Circulation 1979;59: 1113-24. 
Cohn K, Kamm B, Feteih N, Brand R, Goldschlager N. Use of 
treadmill score to quantify ischemic response and predict extent 
of coronary disease. Circulation 1979;59:286-96. 


. Rifkin RD, Parisi AF, Folland E. Coronary calcification in the di- 


agnosis of coronary artery disease. Am J Cardiol 1979;44:141- 
7 


i Rifkin RD. ECG multiple lead systems (letter). Circulation 1979; 


58:376-8. 


. Coronary Risk Handbook. New York: American Heart Association, 


1973. 


. Epstein SE, Kent KM, Goldstein RE, Borer JS, Rosing DR. Strategy 


for evaluation and surgical treatment of the asymptomatic or mildly 
symptomatic patient with coronary artery disease. Am J Cardiol 
1979;43:1015-25. 

McHenry PL. Exercise stress testing: methods, protocols, mea- 
surements and new indices. In: Mason D, ed. Advances in Heart 
Disease. Vol 2. New York: Grune & Stratton, 1978:273-306. 


499 





NONINVASIVE DETECTION OF CORONARY DISEASE—EPSTEIN ( . 








mm 


ET 


7? ernie F 


| 
1 
| 





"m e r 


-DIAGNOSTIC SHELF 


_ P 


Exercise-Induced Coronary Arterial Spasm: Angiographic 
Dernonstration, Documentation of Ischemia by Myocardial 
Scintigraphy and Results of Pharmacologic Intervention 


COLIN M. FULLER, MD 

ALBERT E. RAIZNER, MD, FACC 
ROBERT A. CHAHINE, MD, FACC 
PATRICIA NAHORMEK, MD 
TETSUO ISHIMORI, MD, FACC 
MARIO VERANI, MD, FACC 
ARNOLD NITISHIN, MD 

DAVID MOKOTOFF, MD 

ROBERT J. LUCHI, MD, FACC 


Houston, Texas 


From the Cardiology Section, Baylor College of 
Medicine and Veterans Administration Medical 
Center, Houston, Texas. This study was supported 
in part by Veterans Administration Research Funds 
and by Grants HI-17269 and HV-82900 to the 
National Heart and Blood Vessel Research and 
Demonstration Center, Baylor College of Medi- 
cine, Houston, Texas from the National Heart, 
Lung and Blood Institute, Bethesda, Maryland. 
Manuscript received January 15, 1980; revised 
manuscript received March 24, 1980, accepted 
April 3, 1980. 

Address for reprints: Albert E. Raizner, MD, 
Cardiac Catheterization Laboratories, The Meth- 


' odist Mospital, Houston, Texas 77030. 


500 September 1980 The American Journal of CARDIOLOGY Volume 46 


Exercise-induced coronary arterial spasm is an infrequently recognized 
phenomenon whose mechanism and management are not well estab- 
lished. In two patients with reproducible exercise-induced S-T segment 
elevation and angina pectoris thallium-201 scintigraphy showed areas 
of reversible anteroapical hypoperfusion, and gated radionuclide ven- 
triculography revealed anteroapical hypokinesia with a decrease in left 
ventricular ejection fraction at peak exercise. During coronary arteriog- 
raphy, supine exercise provoked occlusive spasm of the left anterior 
descending coronary artery, which at rest had only minimal plaques. 
Consequently, treadmill testing was performed with five different phar- 
macologically provoked interventions: direct vasodilatation (nitrates), 
alpha adrenergic blockade (phenoxybenzamine), beta adrenergic 
blockade (propranolol), calcium flux blockade (verapamil), and prosta- 
glandin inhibition (indomethacin). Exercise-induced coronary arterial 
spasm, manifested as S-T segment elevation and angina, was prevented 
by nitrates, but was not eliminated by short-term oral administration of 
an alpha or beta blocking agent, a calcium antagonist or a prostaglandin 
inhibitor. Further, beta adrenergic blockade appeared to be detrimental. 
Thus, this study demonstrates (1) that coronary arterial spasm may be 
the underlying mechanism of at least some cases of exertional angina 
associated with transient perfusion deficits and left ventricular dysfunction, 
and (2) that it may be prevented by oral nitrates. 


Angina pectoris results from an imbalance between myocardial oxygen 
demand and supply. Classicially, in patients with fixed obstructive 
atherosclerotic lesions coronary blood flow may be adequate at rest, but 
cannot be satisfactorily augmented during periods of increased demand, 
such as during exercise.'? Coronary arterial spasm, in contrast, primarily 
decreases the supply to a degree that results in imbalance at rest.? Such 
a mechanism has been well documented in Prinzmetal's variant angina, 
even in the absence of obstructive atherosclerotic lesions.^ Coronary 
arterial spasm has been described in patients with unstable angina? 
and myocardial infarction," but in most cases the spasm could not be 
directly linked to the chest pain. Isolated reports of coronary arterial 
spasm in patients with classic effort angina have been published,9? but 
the relation of spasm to effort angina was unknown. Recently, coronary 
arterial spasm induced by exercise and associated with anginal chest pain 
has been documented.!°!2 This communication describes two patients 
with effort angina and angiographically documented and reproducible 
exercise-induced coronary arterial spasm, in whom multiple pharma- 
cologic interventions were used in an attempt to assess the mechanism 
of the exercise-induced spasm. 


Methods 


Cases: Two patients with exercise-induced angina associated with S-T seg- 
ment elevation were investigated. (Their case histories are presented later.) 


ed 


Informed consent was obtained from each patient before the 
studies were performed. 

Exercise testing: The Bruce protocol was followed for all 
treadmill exercise tests. Testing was done within 3 hours of 
medication. A 12 lead electrocardiogram was obtained before 
and at termination of the exercise and at each minute during 
recovery. Leads aVF, Vs and V5 were monitored during ex- 
ercise and recorded each minute or when abnormalities were 
noted. Indications for stopping the test were moderate fatigue, 
moderate chest pain, arrhythmias, or a decrease in systolic 
blood pressure. Nitroglycerin was administered routinely 1 
minute after cessation of exercise. 

Cardiac scintigraphy during exercise: A similar protocol 
was utilized for both thallium-201 scintigraphy and radio- 
nuclide ventriculography, consisting of bicycling in the supine 
position at 60 revolutions/min with an initial load of 200 kil- 
opond-meters (kp-m)/min and increments of 100 kp-m/min 
at 3 minute intervals. Cardiac scintigrams were obtained with 
a computerized Ohio Nuclear System 420/550 scintillation 
camera. 

Thallium-201 scintigraphy was performed by injecting 1.5 
mCi of thallous chloride intravenously during maximal supine 
bicycle exercise when angina and S- T segment elevation de- 
veloped. Images were obtained in the anterior and 40? and 70° 
left anterior oblique projections immediately after exercise, 
as well as 4 hours later. A total of 300,000 counts were collected 
per image, with the pulse-height analyzer centered at 75 keV, 
utilizing a 20 percent window. The thallium-201 scintigrams 
were displayed on a 128 by 128 matrix oscilloscope and visually 
interpreted by two experienced investigators after a 20 percent 
background subtraction without smoothing was done. Areas 
manifesting diminished uptake of thallium-201 in the im- 
mediate postexercise scintigrams were specially inspected for 
evidence of thallium-201 redistribution in the delayed (4 hour) 
images. 

Multiple gated radionuclide ventriculography was per- 
formed after the intravenous administration of 20 mCi of 
technetium-99m-labeled human serum albumin in the an- 
terior and 40? left anterior oblique projections at rest and in 
the latter projection during maximal supine bicycle exercise. 
A 20 percent energy window was peaked symmetrically around 
140 keV. 'T'wo minutes' acquisition time per view was utilized. 
Imaging was performed during the last 2 minutes of exercise, 
when the patients had angina and accompanying S-T segment 
elevation in the electrocardiogram. 

Data acquisition and processing were carried out using a 
commercially available computer program (Ohio Nuclear 
System 420/550). The left ventricular ejection fraction was 
computer-calculated utilizing a semiautomatic ventricular 
edge detector and a technique of fixed regions of interest. A 
segment of lung outside the cardiac borders was used for de- 
termination of the background counts. A nine point smoothing 
was employed. The left ventricular wall motion was visually 
interpreted in cine mode, containing 16 frames/cardiac cycle, 
after background subtraction and smoothing were done. 

Cardiac catheterization: This was performed through the 
brachial artery. No premedication was usgd. Coronary arte- 
riograms of both coronary arteries were obtained in multiple 
projections and the catheter was removed from the coronary 
orifice. Bicycle exercise was performed until chest pain or S-T 
segment changes, or both, occurred. The catheter was then 
manipulated to the coronary orifice and coronary arteriograms 
were quickly obtained in similar oblique projections. Nitro- 
glycerin (0.4 mg) was then administered sublingually, and 
when angina and S-T elevation were no longer present, ad- 
ditional arteriograms were obtained. In one patient, a cold 
pressor test and ergonovine maleate (0.2 mg intravenously) 
provocative test were performed in addition to exercise arte- 
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riography. No complications developed in these patient$." 


Spasm was considered catheter-induced if it was located 


within 2 cm of the coronary ostium or if the operator recog-^ 


nized a cannulation during which the catheter tip touched the 
area of spasm, or both.? Instances in which the phenomenon 
could not be attributed to the catheter were presumed to be 
spontaneous or drug- or exercise-induced. 

Pharmacologic interventions: After angiographit doc- 
umentation of exercise-induced coronary arterial spasm, 
multiple exercise tests were carried out on subsequent days 
using various pharmacologic interventions: 

1. Direct coronary vasodilation: Isosorbide dinitrate, 10 
mg orally every 4 hours, was given for 48 hours before the ex- 
ercise test was started. 

2. Alpha adrenergic blockade: Phenoxybenzamine, 30 mg, 
was given orally 2 hours before testing. To ensure that an 
alpha blocking effect was present, an orthostatic drop in 
systolic cuff pressure greater than 20 mm Hg was demon- 
strated before the exercise test was begun. 

3. Beta adrenergic blockade: Propranolol, 40 mg every 6 


hours, was administered orally for 48 hours before exercise 


testing. Preexercise heart rate was at least 10 beats/min lower 
than the control (no medication) heart rate. In one patient, 
propranolol was continued with the addition of isosorbide 
dinitrate, 10 mg orally every 6 hours for 24 hours, and exercise 
testing was repeated. | 

4. Calcium flux blockade: Verapamil, 80 mg orally every 
6 hours for 48 hours, then 120 mg every 6 hours for 48 hours, 
was given before exercise testing. 

5. Prostaglandin inhibition: Indomethacin, 50 mg orally 
every 6 hours, was administered for 4 days before exercise 
testing. 


Case Reports 


Case 1: A 60 year old black man, who was normotensive and 
a nondiabetic smoker, presented with 4 year history of chest 
pain, mostly exertional, that responded readily to nitroglyc- 
erin. The pains usually followed early morning activity. Re- 
cently, the anginal attacks had increased in frequency to the 
point where they occurred almost daily. Physical examination, 
chest X-ray film, resting electrocardiogram and routine blood 
chemistry determinations were normal. À treadmill exercise 
test was performed. At 4 1/2 minutes the test was stopped 
because of severe angina accompanied by 23 mm S-T segment 
elevation in lead V5 (Fig. 1). The pain and S-T elevation dis- 
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FIGURE 1. Patient 1. Electrocardiogram at rest and at peak exercise 
associated with chest pain. Leads V4 and V5 demonstrate marked S-T 
segment elevation at peak exercise. ; 
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appeared after sublingual nitroglycerin was administered. 
Testing 3 days later revealed similar findings. Radionuclide 
imaging with thallium-201 demonstrated severe anteroseptal 
and milder inferoapical perfusion defects, and complete 
thallium redistribution 4 hours later (Fig. 2), findings con- 
sistent with reversible ischemia. Gated radionuclide ven- 
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EXERCISE 


FIGURE 3. Patient 1. Rest (top) and exercise (bottom) gated radionuclide 
* ventriculograms in the left anterior oblique projection. Arrow indicates 

apical hypokinesia at peak exercise. Left ventricular ejection fraction 
j decreased from 51 percent at rest to 41 percent during exercise. 
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FIGURE 2. Patient 1. Thallium-201 
myocardial perfusion scintigrams dur- 
ing exercise (left panel) and 4 hours 
after exercise (right panel). Arrows 
denote reversible hypoperfusion in the 
septum, apex and inferior wall at peak 
exercise. Modified lead V3, shown in 
the lower panel, demonstrates 5 mm 
S-T segment elevation at peak exercise 
(left) and a normal S-T segment 4 hours 
later (right). ANT = anterior projection; 
LAO = 40° left anterior oblique pro- 
jection; LLAT = left lateral projec- 
tion. 


triculography revealed normal wall motion and a left ven- 
tricular ejection fraction of 51 percent at rest; at peak exercise, 
apical hypokinesia was noted with a reduction in the ejection 
fraction to 41 percent (Fig. 3). 

Cardiac catheterization revealed a left ventricular end- 
diastolic pressure of 10 mm Hg. During coronary angiography, 
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FIGURE 4. Patient 1. Left coronary arteriogram in the left anterior 
oblique projection at rest (A) and immediately after exercise in asso- 
ciation with chest pain (B). Arrow indicates left anterior descending 
coronary arterial spasm producing subtotal occlusion. 


there was spasm of the proximal right coronary artery at the 
catheter tip and spontaneous spasm with 100 percent occlu- 
sion of the left anterior descending coronary artery near the 
origin of the first major diagonal branch without pain or S-T 
segment changes. However, subsequent contrast injections 
showed the left anterior descending artery to be fully patent. 
There was mild hypokinesia of the posterobasal segment with 
an ejection fraction of 57 percent. The cold pressor test and 
ergonovine maleate test produced spasm with 95 percent and 
complete occlusion, respectively, of the left anterior de- 
scending artery at the same location of the previously observed 
spontaneous spasm. ‘This was fully relieved by nitroglycerin. 
Supine bicycle exercise then resulted in subtotal occlusion of 
the left anterior descending artery (Fig. 4) with chest pain and 
S-T segment elevation in the monitored leads; these changes 
were promptly reversed with nitroglycerin. 

Case 2. A 54 year old white man, who was normotensive and 
a nondiabetic smoker, was successfully resuscitated after an 
out-of-hospital cardiac arrest sustained while walking fast. 
Myocardial infarction was ruled out. The patient had a history 
of chest pain with exertion and occasional pain at rest for 3 
years before admission. Physical examination revealed an 
apical grade 2/6 mid systolic mumur only when the patient 
was erect. An electrocardiogram at rest revealed diffuse, 
nonspecific T wave abnormalities. The echocardiogram 
demonstrated concentric left ventricular hypertrophy with 
hyperdynamic left ventricular contraction and a reduced E-F 
slope. Systolic anterior motion of the mitral valve was not 
present. Treadmill exercise testing revealed 5 mm S-T seg- 
ment elevation in lead V3 at 5 minutes of exercise accompa- 
nied by chest pain (Fig. 5). A test repeated 24 hours later 
demonstrated similar results. Thallium-201 scintigraphy re- 
vealed reversible ischemia in the anteroseptal region (Fig. 6). 
Gated radionuclide ventriculography revealed normal wall 
motion and a left ventricular ejection fraction of 70 percent 
at rest; at peak exercise, apical akinesia occurred with a re- 
duction in ejection fraction to 42 percent (Fig. 7). 

Cardiac catheterization demonstrated hypertrophic car- 
diomyopathy with an apical pressure gradient of 85 mm Hg 
and cavity obliteration was seen on contrast ventriculography. 
Coronary arteriography showed only mild luminal irregularity 


FIGURE 6. Patient 2. Thallium-201 
myocardial perfusion scintigrams dur- 
ing exercise (left panel) and 4 hours 
after exercise (right panel). Arrow in- 
dicates reversible septal hypoperfusion 
at peak exercise. Modified lead V3 
shown in the lower panel demonstrates 
4 mm S-T segment elevation at peak 
exercise (left) and a normal S-T seg- 
ment 4 hours later (right). Abbreviations 
as in Figure 2. 
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FIGURE 5. Patient 2. Electrocardiograms at rest and peak exercise. 
Lead V3 demonstrates 5 mm S-T segment elevation at peak exercise 
associated with chest pain. 


of the left anterior descending coronary artery. Supine bicycle 
exercise induced a narrowing of 95 percent in the left anterior 
descending artery (Fig. 8) accompanied by chest pain. Spasm 
and chest pain were relieved by nitroglycerin. 


Results of Pharmacologic Interventions 


Table I summarizes the results of the exercise tests 
during multiple pharmacologic interventions. Both 
Patients 1 and 2 demonstrated reproducible exercise- 
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infl&ced S-T segment elevation and chest pain. Exer- 
tional angina and S-T segment elevation were com- 
pletely prevented only with oral nitrates. Propranolol 
lowered the double product (heart rate X systolic blood 
pressure) at the onset of S-T segment elevation and 
angina. Phenoxybenzamine, verapamil and indo- 
methacin did not prevent exertional angina or S-T 
segment changes. 


Discussion 


Previous documentation of exercise-induced 
coronary arterial spasm and S-T elevation: Coro- 
nary arterial spasm has been firmly established as an 
important cause of nonexertional myocardial ischemia. 
It has been most adequately documented in patients 
with variant angina*!*-!8 with and without significant 
coronary atherosclerosis. It has also been described in 
some patients with unstable angina at rest.?? In these 
conditions, the onset of ischemic manifestations pre- 
cedes alteration in indexes of myocardial oxygen re- 


- quirements.? Both S-T segment elevation and depres- 
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sion have been observed. Waters et al.!9 found in a group 
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FIGURE 7. Patient 2. Gated radionuclide ventriculograms at rest (top) 
and during exercise (bottom) in the left anterior oblique projection. 
Arrow indicates apical akinesia at peak exercise. Left ventricular 
ejection fraction decreased from 70 percent at rest to 42 percent during 
~ exercise" 





of patients with variant angina, a subset in whom S-T 
segment elevation developed with exercise. Five of these 
seven patients, all of whom had minimal coronary ath- 
eromatous disease and a normal ventriculogram, had 
spontaneous coronary arterial spasm during coronary 
arteriography. Coronary arterial spasm as the cause of 
exercise-induced angina was inferred, although not 
documented, in this study. 

Yasue et al.!? demonstrated angiographically that 
coronary arterial spasm can be provoked by arm exer- 
cise and may have been at least partially responsible for 
exertional angina and S-T segment depression in four 
patients, three of whom had severe coronary stenotic 
lesions. More recently, they demonstrated reproducible 
exercise-induced S-T segment elevation and chest pain 
associated with angiographic coronary arterial spasm 
in the morning, but not in the afternoon, in a group of 
patients with variant angina, most of whom had sig- 
nificant atheromatous stenosis.!! Specchia et al.!? 
demonstrated angiographically with supine bicycle 
exercise that spasm was the pathogenetic mechanism 
of exercise-induced angina and S-T segment elevation 








FIGURE 8. Patient 2. Left coronary arteriogram in the right anterior 
oblique projection at rest (A) and immediately after exercise in asso- 
ciation with chest pain (B). Arrow in A depicts minimal luminal narrowing 
of the proximal left anterior descending coronary artery, whereas arrow 
in B points to spasm of the same segment with 95 percent luminal 
obstruction. 
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in four patients with variant angina. Two of the patients 
had significant atheromatous lesions in the spastic ar- 
tery. 

Our patients represent well documented cases of 
coronary arterial spasm induced by exercise and asso- 
ciated with S-T segment elevation and pain without 
associated obstructive atherosclerosis. The spasm was 
consistently reproducible by repeated exercise testing 
(Table I). Further, thallium-201 stress scintigraphy and 
radionuclide ventriculography demonstrated clearly 
that reversible ischemia occurred in the distribution of 
the spastic artery. 

Mechanism of exercise-induced coronary spasm: 
The mechanism by which spasm occurs with exercise 
is unclear. During exercise, activation of sympathetic 
reflexes and release of catecholamines each may be a 
potential cause of vasospasm. Ordinarily, however, local 
vasodilating factors in active tissues overcome neuro- 
genic or humoral vasoconstrictor effects. As such, cor- 
onary spasm induced by exercise is difficult to com- 
prehend mechanistically. It is possible that the larger 
epicardial coronary vessels are not as affected by locally 
released metabolic vasodilating substances as are the 
smaller resistance vessels. Therefore, neurogenic or 
humoral vasoconstrictor influences on the epicardial 
arteries may not be offset in some patients. 

Effect of propranolol: Because coronary arterial 
spasm and angina were consistently reproducible in our 
patients, an attempt was made to study the effect of 
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various pharmacologic interventions. In both of *otir 
patients ischemic changes developed at a much lower 
double product while the patient was taking proprafi- 


all 


olol, and exercise tolerance was reduced. This finding | 


suggests that beta adrenergic blockade promotes the 
vasospastic process. Stimulation of beta receptors in the 


coronary vascular bed produces vasodilation. Conse- | 


quently, blockade of these receptors might allow vaso- 


constrictor influences to go unopposed. The propensity | 
of beta adrenergic blockade to augment coronary — 


vasospasm has been noted by others. !0:!!,20 


Effect of phenoxybenzamine: Alpha adrenergic | 


blockade alone was ineffective in preventing ischemia - 


in our patients. Although we cannot be certain that 
complete alpha adrenergic blockade was achieved in our 


patients, at least partial alpha adrenergic blockade was - 


demonstrated in both. Our data therefore suggest that 


alpha adrenergic stimulation was not primarily re- 


sponsible for spasm. In contrast, the same alpha ad- 
renergic blocking drug, phenoxybenzamine, was re- 


ported by Yasue et al.!! to suppress the attacks com- — 
pletely in the morning in three of four patients with 


circadian variation of their exercise-induced S-T seg- 
ment elevation. These authors also noted partial or 


complete effectiveness with parenteral alpha adrenergic — 


blockade in three of four patients with exercise-induced 


spasm manifested as S-T segment depression. It is - 
possible that sympathetic vasoconstriction, as a result | 


of increased alpha adrenergic tone known to occur with 





TABLE ! 
Effect of Various Pharmacologic Interventions on Exercise-Induced Coronary Arterial Spasm 
S-T 2mm 
Resting Above Baseline Peak Exercise Reason for Maximal 
Stopping — S-T Î in Lead 
Medicine HR BP DP HR BP DP Time* HR BP DP Time* Exercise V3 (mm) 
Patient 1 
None 95 110 10.5 130 140 19.2 0.5 140 160 22.4 4.5 CP 23 
None 85 120 10.2 140 160 22.4 7 150 160 24.0 7 CP 9 
None 80 120 9.6 110 145 16.0 3 115 160 18.4 3 CP 11 
Isosorbide 95 105 10.0 -— — — — 160 170 27.2 9.5 Fatigue 0 
dinitrate 
Isosorbide 100 90 9.0 — - — — 170 160 27.2 10.5 Fatigue 0 
dinitrate 
Phenoxy 86 100 8.7 105 140 14.7 3 130 140 18.2 4.5 CP 13 
benzamine 
Propranolol 74 110 8.1 95 100 9.5 2 100 100 10.0 3 CP 10 
Verapamil 50 125 6.2 110 140 15.4 6 140 150 21.0 9.5 CP 9 
Indomethacin 66 140 9.2 110 140 15.4 2 120 160 19.2 4.5 CP 17 
Patient 2 
None 110 140 14.0 160 170 27.2 5.5 160 170 27.2 6 CP 8 
None 110 165 18.2 140 180 25.2 4 150 200 30.0 5 CP 4 
Isosorbide 100 130 13.0 ~. — — — 150 170 25:5 6 Fatigue 0 
dinitrate 
Phenoxy- 130 100 13.0 160 140 22.4 1 160 140 22.4 2 Fatigue 4 
benzamine 
Propranolol 70 105 7.4 85 120 10.2 3 100 130 13.0 5 CP 8 
Propranolol + 66 100 6.6 — — — — 100 130 13.0 6.5 Fatigue 0 
isosorbide 
dinitrate 
Verapamil 110 140 15.5 130 145 18.9 3 140 175 24.5 5 CP 4 
Indomethacin 100 140 14.0 125 160 20.0 2 130 170 22.1 3 CP 5 
* In minutes. 


B... "— wen 


BP — systolic blood pressure (mm Hg); CP — chest pain; DP — heart rate X systolic blood pressure X 10? mm Hg beats/min; HR = heart rate - 


(per min); t = elevation. 
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ex®rcise, may play a role in exercise-induced coronary 
arterial spasm in some patients, but it is not likely to be 
the only operative mechanism. 

Effect of verapamil: Verapamil, a calcium flux 
blocking agent and coronary vasodilator, was similarly 
not fully effective in preventing or suppressing the at- 
tacks in our patients. Nevertheless, calcium antagonists 
have been successfully used in patients with variant 
angina.?! The role of prostaglandins in coronary arterial 
spasm has been a subject of speculation. Accordingly, 
we assessed the effectiveness of indomethacin, a pros- 


- taglandin inhibitor. No beneficial result was ob- 
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The possibility must be considered that the dosages 


. of phenoxybenzamine and verapamil used in our studies 
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were not adequate to achieve the desired blocking effect. 
However, this is not likely because we were able to 
demonstrate orthostatic hypotension with phenoxy- 
 benzamine and the dosage of verapamil that we used has 


been effective in decreasing episodes of vasospastic 
angina.?? It is possible that coronary arterial spasm in- 


duced by exercise and that which occurs spontaneously 
might differ quantitatively or qualitatively in their 
pathophysiologic mechanisms. 

Effect of nitrates: In contrast to the other drugs, 
nitrates were fully effective in preventing ischemic 
manifestations in our patients. Additionally, both pa- 


. tients had marked increase in exercise tolerance after 
taking nitrates. This finding is in keeping with the 
generally recognized prompt beneficial response to 


sublingual nitroglycerin that most patients with 


vasospastic angina manifest. This finding provides 


further support for the use of longer-acting nitrates as 
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the main drug in anginal syndromes associated with 
coronary arterial spasm. 

Clinical implications: Two additional important 
clinical implications emerge from our study. First, the 
demonstration that coronary arterial spasm can be 
provoked by exercise demands a reconsideration of the 
pathophysiologic mechanism traditionally thought to 
underlie exercise-related angina in patients with ath- 
eromatous coronary artery disease. Although the fre- 
quency of exercise-induced coronary arterial spasm is 
unknown, this disorder may well play an important role 
in many patients with otherwise classic angina and 
might account for variations in exercise tolerance de- 
spite “fixed” atheromatous disease. Further coronary 
arteriographic studies during isotonic exercise in pa- 
tients with coronary atheromatous disease and effort 
angina are certainly needed to define the role of spasm 
in ischemic heart disease. Second, in patients with the 
well recognized but poorly understood syndrome of 
exertional angina and normal coronary arteries, the 
possibility is raised that exercise-induced spasm may 
play an important role. In the future, such patients 
should be studied with exercise electrocardiography and 
myocardial scintigraphy. If exertional ischemia is 
demonstrated with these techniques, but the coronary 
arteries are found to be arteriographically normal, ex- 
ercise arteriography should be done. 
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Clinical, angiocardiographic and necropsy data in a case of atypical d- 
transposition of the great arteries with an anterior pulmonary trunk are 
described. The unusual arrangement of the great arteries and the presence 
of bilateral coni were demonstrated with angiocardiography and confirmed 
on pathologic study. 


The hallmark of d- or complete transposition of the great arteries is 
connection of the anteriorly lying aorta with the right ventricle, while 
the posteriorly lying pulmonary trunk arises from the left ventricle. A 
rare variation of this pattern is that the pulmonary trunk lies anterior 
to the aorta. The latter feature may be disturbing to the clinical inter- 
pretation of the basic problem. This unusual pattern has been described 
in a small number of cases,!-? and limited angiocardiographic informa- 
tion is available. In view of the rarity of this anatomic state and the po- 
tential difficulty in evaluating findings, we present the clinical, angio- 
cardiographic and autopsy data in an observed case. 


Report of Case 


Clinical features: The patient, a male infant, was the product of a normal 
pregnancy and delivery and weighed 3.5 kg at birth. At age 5 weeks he was hos- 
pitalized because of increasing cyanosis and severe cardiac failure. On physical 
examination the body weight was below the 3rd percentile for age. Tachypnea, 
moderate cyanosis and subcostal and intercostal retractions were noted. The 
heart rate was 170 beats/min; and the peripheral pulses were palpable and equal. 
There was a prominent right ventricular heave. The first heart sound was normal 
and the second sound was single. A grade 3/6 pansystolic murmur was best heard 
at the mid and lower left sternal border, and a fourth sound was heard at the 


apex. The lungs were clear on auscultation. The liver was palpable 4 cm below | 


the right costal margin. The electrocardiogram revealed biventricular hyper- 
trophy. The chest roentgenogram exhibited moderate cardiomegaly and in- 
creased pulmonary vasculature. The hemoglobin concentration was 19.4 g/100 
ml. 

Because of persistent signs of heart failure that were resistant to medical 
treatment, the patient underwent banding of the pulmonary artery on the 3rd 
day after admission. He died suddenly in the early postoperative period. 

Cardiac catheterization data (Table I): Cardiac catheterization revealed 
the pulmonary arterial pressure to be almost equal to the systemic pressure. No 
change in pulmonary arterial pressure was noted on administration of 100 per- 
cent oxygen during a 15 minute period. There was a high degree of systemic ar- 
terial oxygen desaturation approximating that observed in the right-sided 
chambers, whereas the blood in the pulmonary artery, like that in the left ven- 
tricle, was more highly saturated. The significant percent saturation levels were 
as follows: right ventricle 50, aorta 60, left atrium and left ventricle 90 each, and 
pulmonary artery 89. A significant increase in systemic saturation was noted, 
after balloon atrial septostomy. The oxygen saturation in the right atrium in- 
creased from 47 to 83 percent, whereas that in the aortic blood increased to 84. 
percent. : 


~ 
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TABLE | 
Synopsis of Cardiac Catheterization Data 
Oxygen 
Saturation Pressure” 
Site (%) (mm Hg) 
Superior vena cava 43 
Inferior vena cava 34 Coh 
Right atrium 47 (6) 
83! (8)! 
Right ventricle 50 70/0 
Aorta 60 70/40 (55) 
84! he 
Left atrium 90 (12) 
gat (9)! 
Left ventricle 90 70/0 
Pulmonary artery 89 65/25 (45) 
98* 60/25 (40)* 


* Figures in parentheses indicate mean pressure. t After balloon 
atrial septostomy. * After oxygen administration. 


Angiocardiographic data: Selective left ventriculography 
(Fig. 1) revealed origin of the pulmonary trunk from the left 
ventricle and the presence of a subpulmonary infundibulum 
separating the pulmonary valve from the mitral valve. Biplane 
right ventriculography (Fig. 2) demonstrated subaortic and 
subpulmonary coni with the pulmonary valve located at a level 
higher than that of the aortic valve. A small- to moderate-sized 


muscular ventricular septal defect could be outlined in this 
view. In the lateral projection, the pulmonary trunk was seen 
to lie more anteriorly than the aorta. 

Pathologic findings: At autopsy, the heart was enlarged, 
weighing 41 g (anticipated normal up to 30 g). The apex was 
directed toward the left (Fig. 3a) and there were situs solitus 
features of the atria and abdominal viscera. There was atrio- 
ventricular concordance. The pulmonary trunk arose from the 
left ventricle and the aorta from the right ventricle. The pul- 
monary trunk lay distinctly anterior and to the left of the 
aorta. The coronary arteries originated from the anterior and 
left posterior aortic sinuses. The anterior descending artery 
arose from the left coronary artery and ran anterior and to the 
right of the pulmonary trunk. 

From the right ventricular view the tricuspid and aortic 
valves were normal. There was a 2 mm subaortic conus sepa- 
rating the aortic and tricuspid valves (Fig. 3b). Minimal fi- 
brous continuity was present between the left posterior aortic 
cusp and the anterior mitral leaflet through a small (2 mm in | 
diameter) subaortic ventricular septal defect. Additionally, 
a small muscular ventricular septal defect (3 mm in diameter) 
was present below the septal limb of the crista. This defect 
took the form of a tunnel-like pathway leading to the sub- 
pulmonary region of the left ventricle. In the left ventricle a 
nonstenotic, 5 mm leng, subpulmonary conus separated the 
pulmonary and mitral valves (Fig. 3c). The pulmonary and 
mitral valves were normal, and there was no apparent ob- 
struction to the left ventricular outflow tract. The pulmonary 
trunk was dilated (19 mm) as was the ascending aorta (20 
mm). In addition, there was a small patent ductus arteriosus 
and a balloon-created atrial septal defect. 





.FIGURE 1. Left ventricular cineangiocardiogram. a, frontal view demonstrating pulmonary trunk arising from the left ventricle. b, left anterior oblique 
view. A subpulmonary conus is noted. There is no evidence of a ventricular septal defect in this projection. 


- 
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FIGURE 2. Biplane right ventricular angiocardiogram. a, frontal view demonstrating a small, muscular ventricular septal defect and evidence of 
subaortic and subpulmonary coni with the pulmonary valve at a higher level than the aortic valve. b, lateral view showing an anterior pulmonary 


trunk and a posterior aorta. 


Comment 
A diagnosis of complete or d-transposition of the 
great arteries is usually accomplished by angiocardi- 
ographic demonstration of an anterior aorta and a 
posteriorly located pulmonary trunk. When the pul- 


monary trunk is anterior, a diagnosis of d-transposition 
might be difficult and can be confirmed only with 
careful and selective angiocardiographic study. In our 
case, a subpulmonary and a subaortic conus were seen 
in the frontal view of the right ventriculogram, and a 





FIGURE 3. a, heart and great vessels viewed from a left anterior perspective. The apex of the heart is to the left. The pulmonary trunk (PT) lies somewhat 
anterior to the aorta (A). b, opened right ventricle (RV) giving rise to the aorta (A). There is an underdeveloped subaortic conus separating the aortic 
and tricuspid valves. A small ventricular septal defect (upper probe) is noted proximal to the subaortic conus beneath the aortic valve. A second | 
ventricular septal defect (lower probe) is also present. c, opened left ventricle (LV) giving rise to the pulmonary trunk (PT). A nonstenotic subpulmonary 
conus is present. The anterior leaflet of the mitral valve was in fibrous continuity with the aortic valve through the subaortic septal defect (right 
probe). A second ventricular septal defect (left probe) is the muscular defect. i 
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diagnosis of double outlet right ventricle was also con- 


sidered. However, in the frontal and oblique views of the 


left ventriculogram, the pulmonary trunk was seen to 
arise entirely from the left ventricle. To the best of our 
knowledge this is the first case in which this peculiar 
arrangement of the great vessels was clearly demon- 
strated angiocardiographically. In three previously re- 
ported cases.^? the right ventriculogram revealed the 
aorta to be rather posteriorly located, but a distinctive 
pulmonary-aorta relation could not be established. 

In the Registry of Cardiovascular Pathology of United 
Hospitals-Miller Division there are 234 specimens of 
d-transposition. Among these are two cases in which the 


structure was similar to that in our case. No angiocar- 


On identification of four cases of atypical d-trans- - 


position with anterior pulmonary trunk and posterior | 


E 


diographic studies had been done in these cases.  — 


aorta, Van Praagh et al.! redefined the term. transpo- 


of d-transposition. Subsequently, and to the best of our 
knowledge, another 18 cases with this condition were 
reported.™5 A review of these cases along with our ex- 
perience supports the view that the condition may be 
termed atypical d-transposition with anterior pulmo- 
nary trunk. 
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This is a follow-up report of a patient with idiopathic cholesterol pericarditis 
(previously described in this Journal in 1961). The patient had had re- 


current pericardial effusions since 1939, and died with calcific constrictive — 


pericarditis some 40 years later. In the interim, the patient had an extended 
period (17 years) of symptomatic relief after pericardiotomy in 1958. 


In 1919 Alexander! described a patient with a chronic pericardial effusion 


in whom the pericardial fluid had a “scintillating gold paint appearance" | 
due to the presence of cholesterol crystals. Since his report, the term - 
“cholesterol pericarditis” has been used to denote cases of chronic — 
pericardial effusions with large concentrations of cholesterol, and has | 
generally been considered an uncommon and specific form of pericardial | 
disease.” The case described in the report is unique because it represents - 
a long-term follow-up study of a patient with cholesterol pericarditis who - 


was the subject of a case report in this Journal by Crow? in 1961 and 
whose history of pericardial disease began in 1939. 


Case Report 


In May 1979, a 64 year old man with a diagnosis of constrictive pericarditis 
was first referred to the Mayo Clinic for possible surgical treatment. He had had 
a long history of pericardial disease dating to 1939. The diagnosis of cholesterol 
pericarditis and the clinical course from 1940 to 1958 have previously been 
documented by Crow? in this Journal. 

Clinical history: To recapitulate briefly, the patient first had signs and 
symptoms of pericarditis with effusion in 1939, at age 24 years. He underwent 
three pericardial paracenteses in 1940. Between' 1940 and 1956 he was hospi- 
talized intermittently because of recurrence of pericarditis. Pericardial para- 


centesis was again performed in July 1956. The 2,600 ml of fluid aspirated con- | 


tained innumerable gold paint-colored flecks, and microscopic examination of 
the centrifuged pericardial fluid showed numerous cholesterol crystals (Fig. 3 


of the report by Crow?). The patient's serum cholesterol was 162 mg/dl and | 


cholesterol esters 88 mg/dl. After the diagnosis of cholesterol pericarditis, the © 


patient required two further pericardial aspirations in October 1956, with re- 
moval of 1,000 ml of fluid each time. On October 26, 1958, thoracotomy and 
pericardial biopsy were performed. Examination of the pericardial fluid removed 


at the time of surgery again showed numerous cholesterol crystals. The peri- | 


cardial biopsy revealed proliferative fibrosis with lymphomononuclear inflam- 
matory infiltrate, foreign body giant cells and cleft-like spaces characteristic 
of cholesterol deposition. All diagnostic procedures for tuberculous infection 
yielded negative results, as did earlier tests for fungal infection; the Kline test 
and cell tests for lupus erythematosus were also negative. 


A striking reduction in the size of the heart on roentgenography was noted — 


after thoracotomy in 1958, and, although a pericardiocentesis was again needed 
in 1960, the patient was well until 1975. At that tim@edema of the lower limbs, 


ascites and dyspnea on exertion recurred. In addition these symptoms, a review - 


of systems revealed some decreased auditory acuity, a slightly decreased urinary | 


stream, some arthritic-type pain at the base of one thumb and varicoge veins 


that had been present for more than 10 years. A presumed stroke had occurred * 
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ifl f968, but the patient had completely recovered. However, 
signs of congestive heart failure reappeared in 1975, and the 
patient complained of dyspnea on exertion and fatigue of in- 
creasing severity. 

Clinical findings: The physical examination in May 1979 
revealed a regular pulse rate of 68/min; the blood pressure was 
95/70 with inspiration and 105/72 mm Hg with expiration. The 
jugular venous pulse was elevated to 11 cm above the sternal 
angle and exhibited prominent X and Y descents with an H 
plateau. No bruits were present, but Kussmaul's sign was 
positive. The chest was clear to both percussion and auscul- 
tation. The cardiac apex beat was located in the fifth inter- 
costal space at the mid clavicular line. The first and second 
heart sounds were normal, but a probable pericardial knock 
was noted within 0.1 second after the aortic component of the 
second heart sound. No heart murmurs were heard. The liver 
edge was palpable at 10 cm below the xiphoid and 8 cm below 
the right costal margin. The spleen was also palpable. Sig- 
nificant scrotal edema was present, as were varicosities of the 
lower limbs. 

A chest roentgenogram revealed a densely calcified peri- 
cardium enveloping much of the heart. The electrocardiogram 
showed normal sinus rhythm with low voltage and nonspecific 
S-T changes. The phonocardiogram was consistent with 
constrictive pericarditis, revealing normal heart sounds at the 
left lower sternal border, a diastolic knock 0.09 second after 
Ag; the A5-X interval was 0.03 second, and the As5-Y interval 
was 0.14 second. 


FIGURE 1. Gross appearance of the shaggy, markedly thickened and 
calcified pericardium (upper), and the radiograph of the same specimen 
(lower). 
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Laboratory tests revealed serum aspartate aminotrans- 
ferase, 24 units/liter; alkaline phosphatase, 503 units/liter; 
bilirubin, 3.4 (direct 1.5) mg/dl; sodium, 147 mEq/liter; po- 
tassium, 3.3 mEg/liter; uric acid, 16.3 mg/dl; and creatinine, 
1.7 mg/dl. The serum cholesterol level was 143 (1st percentile) 
and triglycerides were 101 (50th percentile) mg/dl. 

Surgical procedures and findings: On May 30, 1979, a 
pericardiectomy was performed through a bilateral trans- 
sternal thoracotomy. At operation, massive calcification of the 
pericardium was noted to extend from the diaphragmatic 
surface to the pedicle of the heart; in some areas the pericar- 
dium was more than 1 cm in thickness. A moderate amount 
of “whitish grumous material" was removed from the peri- 
cardial cavity. Pericardiectomy was accomplished with great 
difficulty because of the dense pericardial adhesions. After 
the pericardiectomy, the heart appeared to beat more force- 
fully and the right atrial pressure decreased from about 25 to 
about 10 mm Hg. 

On the 4th postoperative day, the patient had a fever 
(temperature 39.4? C), and on the 6th postoperative day pu- 
rulent discharge was noted from the mid portion of the tho- 
racotomy incision. Blood cultures grew Staphylococcus aureus. 
Treatment with intravenous oxacillin began and, on the fol- 
lowing day, the patient was taken to the operating room for 
a limited thoracotomy and insertion of drainage and irrigation 
catheters. The surgical procedure was complicated by episodes 
of hypotension, and postoperatively the patient remained 
dependent on mechanical! ventilation. Despite vigorous an- 
tibiotic therapy and supportive treatment the patient's con- 
dition continued to deteriorate. He died on July 7, 1979. 

Autopsy findings: There were extensive adhesions in the 
surgically obliterated pericardial cavity. The heart was still 
partly covered by thick (up to 1 cm), densely adherent and 
diffusively calcified pericardium (Fig. 1). Microscopically, the 
pericardium was composed of fibrous granulation tissue with 
widespread calcification and a predominantly mononuclear 
inflammatory infiltrate (Fig. 2). The heart showed biventric- 
ular hypertrophy, but no evidence of recent or old myocardial 
infarction (Fig. 3). The extramural coronary arteries showed 
noncritical atherosclerosis (less than 75 percent cross-sectional 
luminal narrowing). 

Hepatic fibrosis (so-called cardiac cirrhosis) with peri- 
portal hepatitis and centrilobular hepatocyte necrosis and 
intrahepatic bile stasis (“shock liver”) were noted. There were 
also congestive splenomegaly (970 g) and esophageal varices. 
The brain showed mild, diffuse subarachnoid hemorrhage and 
multiple small old infarcts of the right putamen, right parietal 
cortex and the right posterolateral cerebellar cortex. No his- 
tologic evidence of disseminated sepsis was found at au- 
topsy. 


Comment 


Although cholesterol pericarditis may be seen in as- 
sociation with a variety of different conditions, in- 
cluding hypothyroidism, tuberculosis, rheumatoid ar- 
thritis and hypercholesterolemia,^-? in the majority of 
reported cases it Occurs without a clearly identifiable 
underlying disease, as it did in our patient. In a collec- 
tive series of 47 cases, Brawley et al.? found that 12 (25.5 
percent) were associated with hypothyroidism, 5 (10.6 
percent) with rheumatoid arthritis, and 3 (6.4 percent) 
with tuberculosis; the remaining 27 (57.4 percent) were 
without a specific associated disease. 

Etiology and pathogenesis: In patients with tu- 
berculosis and rheumatoid arthritis, the source of cho- 
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lesterol is probably caseous granulomas and necrotic 
rheumatoid nodules, but the etiology of idiopathic 
cholesterol pericarditis is unknown and its pathogenesis 
obscure. Daniel and Puder? suggested that pericarditis 
with cholesterol deposits could result from an initial 
hemopericardium, followed by lysis of the red blood 
cells and precipitation of the cell lipid fraction. How- 
ever, pericardiotomy and intracardiac surgery are al- 
most always accompanied by various degrees of hemo- 
pericardium, but cholesterol pericarditis is rarely, if 
ever, observed after open heart surgery. It is possible 
that repeated trauma (such as that induced by para- 
centeses) with recurrent hemopericardium and ob- 
struction of lymphatic drainage!? could impair ab- 
sorption of cholesterol and precipitate crystallization. 
Genecin!! considered that formation of cholesterol 
crystals may be the end result of deposition of soluble 
lipoprotein macromolecules over a long period of time. 
Once present in high levels, cholesterol serves as a tissue 
irritant to perpetuate the chronicity of pericarditis. 
Experimentally,!? it has been demonstrated that, when 
injected into the pericardium, the lipid fraction of blood 
more consistently produced an inflammatory reaction 
than did whole blood. 

Clinical features and treatment: The pertinent 
clinical features of cholesterol pericarditis have previ- 
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FIGURE 2. Cut surface of the calcified thickened pericardium (upper), 
and a representative photomicrograph (lower) showing sclerosing 
vascular granulation tissue with calcified plaques (Ca). (Lower, 
hematoxylin-eosin X 160, reduced by 22 percent). 
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ously been well summarized.25:13 There appears to be 
no sex predilection and the age of patients ranges from 
17 to 73 years. The clinical presentation is that of 
chronic pericarditis with effusion with or without de- 
tectable cholesterol in the pericardial fluid. The re- 
ported cholesterol concentration in the pericardial fluid 
averages 245 and may be as high as 848 mg/dl.? The 
pericardial fluid is usually massive (as much as 4 liters 
in an autopsy case?) and often reaccumulates rapidly. 
This massive accumulation was well illustrated in our 
patient on July 21, 1956, when 2,600 ml of pericardial 
fluid was removed, and on October 19 and 21, 1956, 
when two pericardial paracenteses each produced 1,000 
ml of fluid. Our patient had a history of pericardial 
disease over a time span of 40 years, and this probably 
represents the longest duration on record of symptoms 
in patients with cholesterol pericarditis. Among the 
reported cases the duration of symptoms from onset to 
diagnosis ranges from 2 months" to 14 years.!^ 

The optimal treatment of cholesterol pericarditis 
should not be different from that recommended for 
chronic pericarditis without increased cholesterol in the 





FIGURE 3. Gross appearance (upper) and the corresponding radiograph 
(lower) of the transversely sectioned heart slices showing fibrous 
thickening of the epicardium with calcification. 
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pericardial effusion, and pericardiectomy will be nec- 
essary in the majority of patients.?^6 Simple aspiration 
or pericardiotomy usually provides symptomatic relief 
of unpredictable duration. 

Clinical significance: Because the chemical deter- 
mination of cholesterol content is not routine in the 
analysis of pericardial fluid, the true incidence of cho- 
lesterol pericarditis is unknown but is likely to be 
greater than available reports would indicate. The 


- normal pericardial fluid is not totally cholesterol-free. 
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In a group of surgically treated patients without evi- 
dence of pericardial disease, Brawley et al.? found that 
the average cholesterol concentration in the pericardial 
fluid of five patients with congenital heart disease was 
39 mg/dl (range 23 to 67) and that of six patients with 
rheumatic valve disease was 43 mg/dl (range 25 to 63). 
Because cholesterol is an irritant, one may also conjec- 
ture that constrictive pericarditis (with or without cal- 
cification) is more likely to result from pericardial 
effusion with a large concentration of cholesterol. 
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Should Patients With Pure Mitral Stenosis Undergo d 


Cardiac Catheterization? 


MICHAEL MOTRO, MD, FACC 
HENRY N. NEUFELD, MD, FACC 


Tel Hashomer, Israel 


The basic hemodynamic finding in mitral stenosis is a 
pressure gradient between the left atrium and the left 
ventricle in diastole, brought about by a narrowed mi- 
tral valve orifice. When, despite prudent medical 
management, the patient has a functional disability that 
conforms to New York Heart Association class III,! 
consideration of surgical intervention arises. This dis- 
ability should be concomitantly corroborated by ob- 
jective evidence of significant obstruction. For many 
years, this has been indicated by a reduced mitral valve 
area as derived from the formula of Gorlin and Gorlin? 
using the cardiac output and the transmitral valve 
gradient measured during cardiac catheterization. 
Role of cardiac catheterization: “The decision to 
perform any diagnostic procedure should be based 
upon the physician’s weighing of the relative benefits 
likely to accrue from the resulting information, as 
opposed to the potential hazards involved.” In bal- 
ancing the advantages and drawbacks of cardiac cath- 
eterization in patients with mitral stenosis, the physi- 
cian must consider several factors. One of these is that 
cardiac catheterization as performed today subjects the 
patient to an 0.8 percent risk of major complication.* 
Pulmonary embolization is an added complication, al- 
though it has rarely been included as a recognized risk. 
Primm et al? compared ventilation-perfusion lung 
scans in 57 patients before and after cardiac catheter- 
ization (right and left heart catheterization with or 
without coronary arteriography), and reported in this 
Journal that new perfusion defects consistent with 
pulmonary emboli were found in 12 percent. Never- 
theless, the risk of cardiac catheterization can appar- 
ently be reduced to a minimal lefel by meticulous 
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technical attention to detail. Apart from the risks, car- 


diac catheterization places a heavy economic burden on 


patient and hospital resources. 

Some investigators have concluded that in some in- 
stances patients with pure mitral stenosis should un- 
dergo operation on the basis of clinical findings alone. 
Yet Selzer,® in this Journal, described having “repeat- 
edly encountered women with mitral stenosis whose 
careful clinical evaluation appeared to justify placement 
in functional class III, but whose cardiac catheterization 
revealed normal hemodynamics and trivial mitral ste- 
nosis." Furthermore, objective evidence of the severity 
of mitral stenosis is even more essential when closed 
commissurotomy is contemplated; optimally, this 
technique calls for knowledge of the pliability of the 
mitral valve, the mitral subvalve apparatus and the 
presence (or absence) of thrombi in the left atrium as 
well as ascertainment of the mitral valve area. Cardiac 
catheterization has inherent drawbacks, yet the failure 
to secure objective data before operation is also inad- 
visable .$ We therefore suggest an alternative to cardiac 
catheterization in pure mitral stenosis. 

Role of two dimensional echocardiography and 
other noninvasive techniques: Recent reports?-1! 
show an excellent correlation when the mitral valve area 
measured on two dimensional echocardiography is 
compared with that calculated at cardiac catheteriza- 
tion or that measured directly at operation. We have 
examined!” 162 patients with mitral stenosis with two 
dimensional echocardiography, 53 of whom subse- 
quently underwent cardiac catheterization. Comparing 
the measurement of the mitral valve area obtained on 
the two dimensional study with that found at cardiac 
catheterization (calculated with the formula of Gorlin 
and Gorlin), we found a correlation of r = 0.92. No valve 
area measurement deviated by more than 0.3 cm?, and 
therefore this deviation was of no significance for 
practical diagnostic purposes. We therefore believe that 
the need for cardiac catheterization in pure mitral ste- 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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obis is questionable, especially in light of the following 
considerations: 

' I. Once the mitral valve area is known, the gradient 
across the mitral valve as well as the cardiac output are 
not crucial data. 

2. In the presence of severe mitral stenosis, the level 
of the pulmonary arterial pressure does not usually af- 
fect the decision for surgery, although it does have a 
bearing on the patient's prognosis. 

3. Among patients in the age groups likely to mani- 
fest coronary artery disease, the presence of significant 
disease may be ruled out by gated equilibrium radio- 
nuclide angiography performed during exercise!?-16 or 
by myocardial perfusion imaging with injection of 
thallium-201 during stress.!7-?! The former technique 
can also serve in evaluating left ventricular function. 

4. Calcification of the mitral valve can be determined 
with echocardiography and fluoroscopy. 

5. Cardiac catheterization is often a disappointing 
detector of thrombi in the left atrium, first because the 
accuracy of the procedure in identifying thrombi is low 
and second because dye is not routinely injected into the 


pulmonary artery with a view to finding left atrial 
thrombi. The presence of thrombi in the left atrium can 
be detected with two dimensional echocardiography. 
We performed a sector scan in a group of 25 patients 
that revealed a left atrial thrombus in 3. Subsequent 
operation confirmed this diagnosis in two of the patients 
and ruled it out in one. A left atrial thrombus that had 
not been detected by prior sector scanning was discov- 
ered at operation in one patient. 

6. The mobility and pliability of the mitral cusps as 
well as the subvalve apparatus could be evaluated with 
two dimensional echocardiography. 

7. Aortic valve disease could be ruled out by direct 
visualization with echocardiography. 

At the present time cardiac catheterization is still 
preferred in most centers as the major method for de- 
termining the need for surgery in mitral stenosis. But 
should so much effort and so many resources be ex- 
pended on a technique that can be replaced by simpler 
noninvasive methods that, in competent and reliable 
hands, provide the physician with similar informa- 
tion? 
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More than an ECG... 
Acquisition and computer analysis of 
ECG's without use of phone lines 


he MAC-Digital Recorder adds another dimension to MAC's innovative microprocessor detects anc 
omputerized ECG analysis by providing a means corrects AC interference and baseline drift 
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articularly well-suited for acquisition and later | iii microcomputer technology allows ne 
ransmission of ECG's. Distortionless digital re- } Å 4 developments to be implemented withou 
ording allows each case to be played back į} f extensive hardware changes. Othe 
any NuUMber of times without deterioration and $ available Options include High Resolutio 
AC's quality control features ensure good ; Amplifier Module and Pacemake 
quality tracings on every patient. 1 Evaluation Program 
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NASPE 
THE NORTH AMERICAN SOCIETY OF PACING AND ELECTROPHYSIOLOGY 


YOUNG INVESTIGATORS' AWARD FOR 1981 


ist prize $1000.00 
2nd prize: $500.00 
Honorable Mention: $250.00 . 


The North American Society of Pacing and Electrophysiology (NASPE) invites submission of manuscripts for competitive review and eventual pre- 
sentation of the 1st and 2nd prize winning papers at its 2nd Annual Scientific Symposium on March 14th, 1981 in San Francisco, California. The goal 
of this award is to encourage and give recognition to able young investigators for original investigation or basic research in the area of Cardiac Pacing 
and/or Cardiac Electrophysiology. 


ELIGIBILITY 

Any physician or scientist who is presently involved in an active fellowship or residency program or who has been involved within the past three 
years is eligible to participate. This includes medical students and PhD candidates. Applicants must reside within or have received their academic 
training within the geographic boundaries of North America.* 


DEADLINE FOR SUBMISSION OF MANUSCRIPTS: DECEMBER 15, 1980 


RULES 

1 The investigation upon which the manuscript is based must be an original piece of investigation performed predominantly by the first au- 
thor. 

2. The applicant must attest that the investigation has not previously been reported or published elsewhere and that, if chosen by the judges as 
a prize winning entry, will not be presented or published prior to March 14, 1981. 

3. Award winning manuscipts will be published in PACE: The Journal of Pacing and Electrophysiology. 

4. Abstracts of non-award winning manuscripts deemed by the judges to be of high reader interest will also be published in PACE. 

5. Authors of award winning manuscripts are expected to attend the 2nd Annual Scientific Program of NASPE both for presentation of a 15 minute 
summary of their manuscript (1st and 2nd prize only) and receipt of awards. 


FOR APPLICATION FORMS AND FURTHER INFORMATION, CONTACT: 

Dr. Seymour Furman, Program Chairman 

2nd Annual Scientific Program 

NASPE 

c/o Montefiore Hospital 

111 East 210th Street, Bronx, NY 10467 

Support for this Award has been provided by a Professional Education Grant by Medtronic, Inc. 
* Canada, United States, Greenland, Mexico, Central America, Caribbean Islands 









Tt] WARRARTY 10 Cos, 

z * we | 
% PROMISES 
T rear OR RE EURO it get 


Contains no cholesterol. And tastes ndi 


uoa t is y beneficial as pra of a fat Hosted diet to o helo fedens serum cholesterol, 






CATHETER-TIP 
TRANSDUCERS 
With a single 
catheter 
introduction ... 


Single pressure recordings 


Multiple pressure 
recordings 


Multiple pressure with 
velocity recordings 


R e [LoT E 


E 
| 
Se a "- e | 


IRUMENT: INC 





ir 


o 


"REPRESENTED INTERNATIONALLY — TELEX 791288 


A108 





Brief Summary of Prescribing Information 


indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with anxiety newroses and transiert situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 
Cardiovascular 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angleglaucoma 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on iorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcoho! and other CNS depressants 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt d'scontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months 


Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually snce abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions 

Observe usual precautions with impaired renal or hepatic function 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg.kg day No effect dose was 1. 25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mq/day) Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G.I. disease 

Safety and effectiveness in children under 12 years have not been established 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have hac 
elevations of LDH. As with other benzodiazepines, periodic 5lood counts and liver function tests 
are recommended during long-term therapy 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzociazepines produce CNS depressant 
eftects when administered with such medications as barbiturates or alcohol 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potentia! emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, castroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concur! ent contro! group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
ewdence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug 

in humans. blood levels from umbilical cord blood indicate placental transfer cf lorazepam 
and its glucuronide 
NURSING MOTHERS It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk 
Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3500 anxious 
patients. most frequent adverse reaction is sedation (15.396), followed by dizziness (6.996), 
weakness (4 2%) and unsteadiness (3 496). Less frequent are disorientation, depression, nau- 
sea. change in appetite. headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifes:ations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases, in blood pressure 
have been noted but are not clinically significant, probably being related to relief ot anxiety 
Overdosage: |n management cf overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U S.P. Usefulness of dialysis has not been determined 


Ativan: 


(lorazepam) 
Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 
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VENOUS THROMBOSIS... 





Thromboembolism: 
a high risk among 
patients with one 
or more of these 
factors... 


Advanced age 

Fractures of lower limb 

Hip surgery 

Pelvic or abdominal surgery with 
extensive dissection 

Previous venous thromboembolism 

Congestive cardiac failure 

Cancer surgery 

Obesity 

Varicose vein surgery 


Incidence of venous thrombosis or 
abnormal scans as shown by '*5I-fibrinogen 
screening in selected high-risk medical- 
surgical patients 


Category Incidence 


Elective surgery 


Major abdominal 
thoracic/gynecologic 11-6576"? 
Retropubic 
prostatectomy 28-50%1:2 
Transurethral 

prostatectomy 49592 


Emergency surgery 
Hip fracture 


48-7494? 
Childbirth 395»? 


Medical 


Myocardial 
infarction 23-38%"? 


Stroke 60%! 


ORAL ANTICOAGULATION: 
Often indicated to lower the risk 
of thromboembolic complications. 


References: 1. Hirsh J. Gallus AS: '?5l-Iabeled fibrinogen Ee i 
Use in the diagnosis of venous thrombosis. JAMA 233:970-973. 
1975 2. Kakkar VV: The diagnosis of deep vein thrombosis using the 
"?5I-fibrinogen test. Arch Surg 104:152-159. 1972. 3. Ebert RV: Use of 
anon n; in acute myocardial infarction. Circulation 45:903- tp 
Apr 19 Borden CW: The current status of therapy with antic 
lants. Med Clin North Am 56:235-251, Jan 1972. 5. Hirsh J, Gallus AS. 
Anticoagulants in venous thromboembolism. Prophylactic and thera- 
peutic use. Postgrad Med 55:211-217, Jan 1974 


*For selected patients who have had a large infarct, a history of previous 
infarction or angina, severe hypotension or shock. chronic atrial fibril- 
lation, congestive heart failure, past history of venous thrombosis or 
embolism or complications requiring a prolonged period in bed 
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COUMADIN 


crystalline warfarin sodium 


singled out by more 
than 20 years 
of experience 


Effective prophylaxis and treatment of venous 
thrombosis 

Effective prophylaxis and treatment of 
pulmonary embolism 

Effective treatment of atrial fibrillation with 
embolization 

Effective adjunctive treatment of coronary 
occlusion 






Initiation of therapy 
Induction —40 to 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly. 


Alternatively. the large priming dose may be decreased 
for all patients to minimize the possibility of excessive 
Increases in prothrombin time. Induction may be initi- 
ated with 10 to 15 mg daily and thereafter (usually 

2 or 3 days) adjusted according to prothrombin time 
response 

o dosage must be individualized according to 
patient s prothrombin time 

o frequent laboratory monitoring is recommended 

o determine prothrombin time daily until results fall 
within the therapeutic range —1.5 to 2.5 times normal 
o afterwards, prothrombin time must be determined 
periodically to monitor the patient s course 






























Maintenance of anticoagulation 


o 2-10 mg, for most patients (scored tablets allow 
flexibility and accurate titration) 

o dose and interval should be adjusted according to 
the individual patient s prothrombin time response 


Duration of anticoagulation 


o should be individualized for each patient 
o in general, should be continued until danger of 
thrombosis and embolism has passed 


Hecommendations of prominent clinicians 
on duration of therapy 


in myocardial infarction?'^* 1-3 years* (reevaluate 
at least every 6 months) 

in pulmonary embolism*? 6 weeks-6 months 

in deep vein thrombosis*? 6 weeks-6 months 


Before prescribing. please see full product information on next page 
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DESCRIPTION COUMADIN (crystalline warfarin sodium), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of warfarin so- 
*dium, virtually eliminates trace impurities present in amorphous warfarin sodium, thi < achieving a 
crystalline product of the highest purity. Warfarin* ts the coined generic name for 3-(a- Acetony!- 
_benzyl)-4-hydroxycoumarin. On a dose-for-dose basis. COUMADIN (crystalline warfarin 
Ț sodium) is therapeutically equivalent to amorphous warfarin sodium. 
| ACTIONS COUMADIN and other coumarin anticoagulants act by depressing synthesis in the 
liver of several factors which are known to be active in the coagulation mechanisms in a variety of 
A diseases characterized by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
" tial depression of Factors Ut. IX. X and Il. The degree of depression is dependent upon the dos- 
3 age administered. Anticoagulants have no direct effect on an established thrombus, nor do they 
1 reverse ischemic tissue damage. However, once a thrombosis has occurred, anticoagulant treat- 
E ment aims to prevent further extension of the formed clot and prevents secondary thromboembo- 
* lic complications which may result in serious and possible fatal sequelae. 
b After oral administration, absorption is essentially complete, and maximal plasma concentrations 
are reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. 

} COUMADIN usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action 
may persist for 4 to 5 days, thus propucing A smooth, long lasting response curve. Little is known 
of the metabolic pathways involved in the bio'ransformation of oral anticoagulants in man. How- 
ever their metabolites appear to be eliminated principally in the urine. 













INDICATIONS Based on a review of this drug by the National Academy of Sciences— 
National Research Council and/or other nformation. FDA has classified the indications 
as follows: 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombo- 
s's and its extension. the treatment of atrial fibrillation with embolization, the prophylaxis 
and treatment of pulmonary embolism, and as an adjunct in the treatment of coronary 
occlusion. 

"Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 




























——  CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
~ condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
- potential clinical benefits, such as: 
— Pregnancy — COUMADIN is contraindicated in pregnancy because the drug passes through the 
= placental barrier and may cause fatal hemorrhage to the fetus in utero. Furthermore, there have 
—— been reports of birth malformations in children born to mothers who have been treated with war- 
7. fari during pregnancy. Women of childbearing potential who are candidates for anticoagulant 
_ therapy should be carefully evaluated and the indications cntically reviewed with the patient. If the 
/. patient becomes pregnant while taking this drug, she should be apprised of the potential risks to 
i jd fetus, and the possibility of termination of the pregnancy should be discussed in light of those 
-— risks. 
» Hemorrhagic tendencies or blood dys s. Recent or contemplated surgery of: 
= (1)central nervous system; (2)eye: (3)traumatic surgery resulting in large open surfaces. Bleed- 
| jng tendencies associated with active ulceration or overt bleeding of: (1)gastrointestinal, 
- genitourinary or respiratory tracts; (2)cerebrovascular hemorrhage; (3)aneurysms—cerebral. dis- 
. . Secting aorta; (4)pericarditis and pericardial effusions, (5)subacute bacterial endocarditis. 
| . Threatened abortion, eclampsia and preeclampsia. Inadequate yon nd facilities or unsu- 
—. . pervised senility, alcoholism, psychosis, or lack of patient cooperation. Spinal puncture and 
= . ether diagnostic or therapeutic procedures with potential for uncontrollable bleeding. Miscella- 
. . neous: major regional, lumbar block anesthesia and malignant hypertension. 
_ WARNINGS Warfarin sodium is a potent drug with a half-life of 2⁄2 days; therefore its effects may 
- .. become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
-strongly that treatment of each patient is a highly individualized matter. Dosage should be con- 
f 13 trolled 5y periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
-. minations of whole blood clotting and bleeding times are not effective measures for control of 
therapy. Heparin prolongs the hepsi prothrombin time. Therefore, to obtain a valid prothrom- 
bin time when heparin and COUMADIN are given together. a period of at least 5 hours should 
elapse after the last intravenous dose and 2¢ hours after the last subcutaneous dose of heparin, 
before blood is drawn. 
—.. Caution should be observed when warfarin sodium is administered in any situation or physical 
| A . condition where added risk of hemorrhage is present. 
= Administration of anticoagulants in the following conditions will be based upon clinical judgment 
~ — inwhich the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboliza- 
|. tion in untreated cases. The following may be associated with these increased risks: 

- A Lactation— coumarins may pass into the mk of mothers and cause a prothrombinopenic state in 
—. . the nursing infant. Severe to moderate hepatic or renal insufficiency. Infectious diseases 
E/ |. er disturbances of intestinal flora— sprue antibiotic therapy Trauma which may result in inter- 
| nal bleeding. Surgery or trauma resulting in large exposed raw surfaces. Indwelling cathe- 
|  . ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe 
oa _ diabetes, severe allergic and anaphylactic disorders. 
= Patients with congestive heart failure may become more sensitive to COUMADIN, thereby re- 
quiring more frequent laboratory monitoring. and reduced doses of COUMADIN. 
1e, —. Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
= be hazardous. (Please note recommendations accompanying these preparations.) 

-— A Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually 

over three to four weeks 

PRECAUTIONS Periodic determination of prothrombin time or other suitable coagula- 

|  tiontestis essential. 

|  — Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, paysia state and medication may influence response of the patient to anticoagu- 

= Tants. it is generall ractice to monitor the patient's response with additional pro- 

| thrombin time determinations in the period immediately after discharge from the hospi- 

. tal, and whenever other medications are initiated, discontinued or taken haphazardly. 

|  . The following factors are listedtor your reference; however, other factors may also af- 

| fectthe prothrombin response. 

| . Thefollowing factors, alone or in combination, may be responsible for increased pro- 

| thrombin time response: 

ud ——— ENDOGENOUS FACTORS: Carcinoma; coi agen disease; congestive heart failure; diarrhea; 

-. elevated temperature; hepatic disorders— infectious hepatitis, jaundice; poor nutritional state; 

- — vitamin K deficiency— steatorrhea. 

EXOGENOUS FACTORS. Alcoholf; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; 

| bromeiains; chloral hydratet; chlorpropamide; chymotrypsin; cimetidine; cinchophen; clofibrate; 

— COUMADIN (crystalline warfarin sodium) overdosage; dextran; dextrothyroxine; diazoxide; 

dietary deficiencies; diureticst; disulfiram; drugs affecting blood elements; ethacrynic acid; glu- 

cagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic acid; methyldopa; 

methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic acid; oxolinic acid; oxy- 

phenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; as bails dig narcotics; ` 

quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbu- 

tamide triclofos sodium: trimethoprim/sulfamethoxazole; unreliable prothrombin time determina- 

ES tions. 

The following factors, alone or in combination, may be responsible for decreased pro- 

thrombin time reopens y 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; 

hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids, alcoholt; antacids; antihistamines; barbitu- 

rates. chloral hydtatet: chlordiazepoxide; cholestyramine; COUMADIN underdosage: diet high in 

vitamin K (vegetables, fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; 
- + haloperidel; meprobamate; oral contraceptives; paraldehyde; primidone; rifampin, unreliable pro- 

*e thrombin time determinations; vitamin C 

p a tincreased and decreased prothrombin time responses have been reported. 


*Presen: as crystalline sodium warfarin isoprcpanol clathrate. 
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A patient may be exposed to a combination of the above factors, some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time re- 
sponse may be unpredictable under these-circumstances, more frequent laboratory monitoring is 
advisable. 

Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, 
and when their administration is started or stopped, the prothrombin time should be determined 
more often than usual. 
Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and 
tolbutamide) and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the 
body as a result of interference with either their metabolism or excretion. 

pe th REACTIONS Potential side effects of COUMADIN (crystalline warfarin sodium) 
include: 

1. Minor or major hemorrhage from any tissue or organ—which is an extension of the physiologic 
activity of prothrombinopenia. The signs and symptoms will vary according to the location and de- 
gree or extent of the bleeding. Therefore the possibility of hemorrhage should be considered in 
evaluating the condition of any anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding durin Meme rece dels does not always correlate with pro- 
thrombin activity. (See TREATMENT FOR OVERDOSAG 5 

Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diag- 
nostic investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer, etc. 
2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever nausea, diarrhea, abdominal cramping, a syndrome called "purple toes ” hypersensitivity 
reactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin. 

3. Prapism has been associated with anticoagulant administration, however, a causal relationship 
has not been established. 

DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will'not occur, but at the 

same time avoiding such extensive impairment as might produce spontaneous bleeding. Effec- 
tive therapeutic levels with minimal complications can best be achieved in cooperative and well- 
instructed patients. who keep the doctor informed of their status between visits. COUMADIN pa- 
tient aids are available to physicians on request. 

The administration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivity to the drug as indicated by the prothrombin time. The pro- 
thrombin time reflects the depression of vitamin K dependent Factors VII. X and II. These factors. 

in addition to Factor IX, are affected by coumarin anticoagulants. There are several modifications 
of the Quick one-stage prothrombin time and the physician should become familiar with the spe- 
cific method used in his laboratory. 

Administration of COUMADIN should be gauged according to prothrombin time determinations 

by a suitable method. The blood prothrombin time should usually be determined daily after the 
administration of the initial dose until prothrombin time results stabilize in the therapeutic range. 
Intervals between subsequent prothrombin time determinations should be based upon the 
physician's judgment of the patient's reliability and response to warfarin in order to maintain the in- 
dividual within the therapeutic range. Acceptable intervals for prothrombin time determinations 
have usually fallen within the range of one to four weeks. Satisfactory levels for maintenance of 
therapeutic anticoagulation are 1¥2 to 2¥ times the normal prothrombin time (e.g. 18 to 30 sec- 
onds, with a control of 12 seconds). 

Induction— 40 to 60 mg for average adultor 20 to 30 mg for elderly and/or debilitated patients 

for one dose only administered orally, intravenously or intramuscularly. 

Alternatively, the large priming dose may be decreased for all patients to minimize the possibility 

of excessive increases in prothrombin time. Induction maya initiated with 10to 15 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prot rombin time response. The basis for 

the no-loading dose regimen is that the depression of Factors II, IX, and X are not accelerated by 
the administration of a loading dose. 

Maintenance Mos! patients are satisfactorily maintained at a dose of 2 to 10 
of dosage is provided by breaking scored tablets in half. The individual dose an 
be gauged by the patient's prothrombin response. 

Duration of therapy — The duration of therapy in each patient should be individualized. In gen- 
eral. anticoagulant therapy should be continued until the danger of thrombosis and embolism has 
passed 

Treatment during dentistry and surgery— The management of patients who undergo dental 
and surgical procedures requires close liaison between attending physicians, surgeons and den- 
tists Interruption of anticoagulant therapy may precipitate thromboembolism, and conversely, if 
anticoagulants are maintained at full doses, some patients may hemorrhage excessively. If it is 
elected to administer anticoagulants prior to, during. or immediately following dental or surgical 
procedures, it is recommended that the dosage of COUMADIN (crystalline warfarin seeker’ be 
adjusted to maintain the prothrombin time at approximately 1Y2 to 2v2 times the control level. The 
operative site should be sufficiently limited to permit the e ective use of local procedures for he- 
mostasis including absorbable hemostatic agents. sutures, and pressure dressings if necessary. 
Under these conditions dental and surgical procedures may be performed without undue risk 
hemorrhage. 
COUMADIN with Heparin— Since a delay intervenes between the administration of the initial 
dose and the therapeutic prolongation of prothrombin time, it may be advisable in emergency sit- 
uations to administer sodium heparin initially along with COUMADIN. The initial dose of heparin 
and injectable COUMADIN may be administered together in the same syringe. It should be noted 
that heparin may affect the prothrombin time, and therefore, when patients are receiving both 
heparin and COUMADIN, the blood sample for prothrombin time determination should be drawn 
just prior to the next heparin dosage. at least 5 hours after the last intravenous injection or 24 
hours after the last subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium), and if necessary. 
the oral or parenteral administration of vitamin K,. The appearance of micr ic hematuria, ex- 
cessive menstrual bleeding. melena, petechiae or oozing from nicks made while shaving are 
early manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN may suffice; and if necessary small doses of vitamin K, orally, 2.5 to 10 mg, will usu- 
ally correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may 
be gvon parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to use. 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrom- 
bincpenic states unresponsive to vitamin K,. 

Resumption of COUMADIN admfhistration reverses the effect of vitamin K,, and a therapeutic hy- 
poprothrombinemia level can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystalline warfarin Spin For oral use, single scored, im- 
printed numerically with potency as follows: 2 mg lavender, 2⁄2 mg orange, 5 voee ide 7Ve mg 
baer ghd mg white. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister pack- 
age 0 j 

Injection: Available as single injection units of amorphous warfarin sodium lyophilized for intrave- 
nous or intramuscular use in a box of 6 units for use immediately after reconstitution. 

50 mg: Unit consists of 1 vial. 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted 
with-sodium hydroxide; accompanied by a 2 ml ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for in- 
travascular injection without first having been made approximately isotonic by the addition of a 
suitable solute. Use only for reconstitution of the lyophilized product. 

Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
COUMADIN is an Endo Registered U.S. Trademark. 6037-14 


€ndo Laboratories, Inc. 
Subsidiary of the DuPont Company 
Garden City, New York 11530 
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Picture your cardiac cath lab data analyzed and displayed as 
rapidly as you can trace an image. Picture an M-mode echo- 
cardiogram study completed in five minutes. Picture a com- 
plete cardiology analysis system. Picture ECHO-COMP. 


ECHO-COMP — a computer based system for analysis 
|] ECHOCARDIOGRAPHY — M-mode and 2D 
LI] ELECTROPHYSIOLOGY 
L] CATH LAB — Cineangiography and hemodynamics 
CI STRESS TEST 


ECHO-COMP — for rapid computer generated reports 
— Easy patient data entry through a keyboard. 


— Reports generated immediately after a study. Display options 
include a terminal for review and editing; a printer for a final 
report; and a floppy disk for long term storage and rapid 
retrieval. | 


— Custom reports with hospital title, physician names, user 
specified normal ranges and preprogrammed clinical comments. 


DIGISONICS,Inc. 


3701 Kirby Drive 
Houston, Texas 77098 





Call toll free 1-800-231-3490 
x 383 for additional information 
or a demonstration. In Texas 


call collect (713) 526-5611 x 383. 





A149 


CONGESTIVE HEAR 
T FAILURE: 
NO TIME TO INTRODUCE 


pe 
nae um 


1 
ED 


ARM 


VARIABLES. 


EN. 


T i T 
jane sui 
ALL 


he 
RIT all Ai ur) 
FA d un, 

atico A t m. jp d i. 
i 


ae a 


m iit vun »w 
mana 
ig t RR 


qu yn 
ii m 


ni 
jm d 4 i xt ARS 


Naa 
ana yi iu 





E 


If you wouldn't think of changing 


your brand of digitalis, shouldn't you 





think twice before switching from 
LASIX furosemide to a substitute? 


BRAND OF 


Both digitalis and diuretics are almost 
always used in congestive heart failure. 
But both can cause serious cardiac arrhyth- 
mias.' Digitalis, because digitalization 

is one of the most precarious titrations in 
all of medicine. And diuretics, because 
diuretic-induced hypokalemia increases 
the vulnerability to digitalis toxicity? 

See warnings and precautions in the brief 
summary of product information on the 
next page. | 


In serious congestive heart failure, 
the diuretic most frequently administered 
with digitalis is LASrx® brand of furosemide. 
However, the bioavailability of furosemide 
may be significantly altered by a change in 
tablet disintegrants and/or excipients.**” 
And variations in the bioavailability of 
unlawfully-marketed furosemide tablets 
have produced unpredictable and serious 
clinical effects.^ 


Therefore, once the patient is stabi- 
lized on digitalis and LAsrx®, changes in 
his cardiac regimen should be minimized. 


LASIX*—the diuretic with the best record 
of success in all degrees of congestive heart 
failure. 


LASIX® Is the original brand of 
furosemide. It is Lasrx® that established 
the standard for furosemide performance. 
It is LASIX® that is the subject of almost 
6,000 published papers. It is LAsIx* that 
has been used successfully in millions of 
digitalized patients over the past 14 years. 
And it is LAsIX* that has a remarkable 
quality-control record — almost 8 billion 
tablets manufactured without a single 
product recall. 


LASIX* tablets are available in 
a dosage strength to meet almost every 
patient need— 320, 40 and 80 mg. 


Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 






ka HOECHST-ROUSSEL 


ay Y] PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 


BC M "XOG! AC 


References: 1. Moe GK, Farah AE: Digitalis and allied cardiac glycosides, in Goodman LS and Gilman A (eds): The Pharmacological 
Basis of Therapeutics, ed 5. New York, Macmillan Publishing Co, 1970, pp 653-682. 2. Smith TW: Digitalis: Ions, inotropy and toxicity, 
editorial. N. Engl. J. Med. 299:545, 1978. 3. Rubinstein MH, Eastwood BA, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, 
U.K.: The effect of lubricant type and concentration on the bioavailability of furosemide from 80 mg tablets: J. Pharm. Pharmacol. 30 
(suppl. :12P, Dec. 1978. 4. Rubinstein MH, Price EF, School of Pharmacy, Liverpool Polytechnic, Liverpool L3 3AF, U.K.: In vivo 
evaluation of the effect of five disintegrants on the bioavailability of furosemide from 40 mg tablets: J. Pharm. Pharmacol. 29 

(Suppl.):5P, Dec. 1977. 5. Rubinstein MH, Rughani JM, School of Pharmacy, Liverpool Polytechnic, Byrom Street, Liverpool L3 3AF, 
U.K.: The effect of four tablet binders on the bioavailability of furosemide from 40 mg tablets: Drug Development and Industrial 
Pharmacy 4(6): 541-553 (1978). 6. HEW News, publication 79-6, U.S. Department of Health, Education and Welfare (Food and Drug 


Administration), March 30, 1979, pp 2-3. 





A Specify LASIX* brand of furosemide. To be sure the 

x patient receives only LASIX*, take the steps necessary 
on your prescription to prevent substitution, in accor- 
dance with the regulations of your state. 





IN CONGESTIVE HEART FAILURE. 


LASIX 


FUROSEMIDE 


ONE LESS VARIABLE IN 
THE DIGITALIZED PATIENT 
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WARNING: Lasix (furosemide) is a potent diuretic which, if 
given In wpeemtebeeseogie deu cb MA 
with water ectrolyte depletion. , careful m 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associcted with ive heart failure, 
cirrhosis of the liver, and rena disease, including the nephrotic 
Syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone. 
CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuress may result in dehydration and 
reduction in blood volume, with circulatory coll and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in "dd prd ve i loss Pile a ov in patients 
receiving digitalis g ides may prec italis toxicity. 
Exercise care in patients receiving eium dope " 
steroids. Perform frequent serum electrolyte, CO;, and BUN de 
terminations during first few months of therapy and periodically 
thereafter; and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluic and electrolyte imbalances that 
may precipitate hepatic coma Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
leno PAIRE ib Mood dciis, kt 

S regu poss , liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the effect of other ape teli 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 
There have also been some reports of cases in which irrevers- 
ible hearing impairment occured. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommendec dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate nol exceeding 4 mg furosemide 
ed minute has been used.) 

ECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
ond a restricted salt intake. Patients receiving furosemide 
should be observed for clinica: signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine olyte determinations 
ore particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also in serurr electro Hypokclemia may 
develop with furosemide as with any potent diuretic, 
especially with brisk diuresis, when cirrhosis is t, or 
during concomitant use of corticosteroids or . Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis bx Aen ii metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial. have deen observed, and rare cases of 
precipitation of dia mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN be seen. These 
have been observed in association with ation, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may ecm Sa the action of succinyicholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
Clearance and add a high risk of lithium toxicity. Diuretics such 
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as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cepnaloridine should not be ad- 
ministered simultaneously. Furosemide may decreose arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
gd to preclude effectiveness of the pressor agent for therapeu- 
C use. 
It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin mcy also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Losix (furosemide) should be 
observed closely to determine f the desired diuretic and/or 
antih ve effec! of Lasix (furosemide) is achieved. 
AD E REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, joundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsic, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura. photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliotive dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 
« Q66190-380 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers hecome 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepred indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome: 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilareral bundle branch 
block; and (7) hypersensitive carorid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive hear: 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking, 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigoreusly defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 


‘tricular rate, mechanism of the arthythmias, and response to therapy. In general, 


symptomatic drug-resistant bradyarrhythmias which impair cardiac output are coms- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
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LETTERS TO THE EDITOR 





STRATEGY FOR TREATMENT OF 
LEFT MAIN CORONARY ARTERY DISEASE—I 


One issue raised by Epstein et al.! needs further comment, 
namely, the question of left main coronary artery disease, 
which was presented in somewhat overly pessimistic terms. 

In the emotionally charged controversy concerning indi- 
cations for invasive evaluation and surgical treatment of pa- 
tients with coronary artery disease, the appearance of data 
showing that a subset of such patients clearly survive longer 
after bypass surgery was hailed with great enthusiasm. Left 
main coronary artery disease became a symbol of the deadli- 
ness of the disease, a red flag, a license used to justify wide- 
reaching case-finding programs that involve invasive evalu- 
ation of many asymptomatic subjects. Yet, a dispassionate 
review of the available information on this disease leads one 
to conclude that this obsessive attitude is premature and that 
more points need classification. 

1. Left main coronary arterial stenosis has a low incidence 
rate,? occurring in only 5 percent of patients with coronary 
artery disease undergoing coronary arteriography. In most of 
these patients, the lesion is combined with severe involvement 
of other branches, so that only 0.2 percent of patients have an 
isolated lesion. Thus, in the majority of cases the contribution 
of a left main lesion is not known; it may merely be a marker 
for the more serious subset of three vessel coronary artery 
disease. Evaluation of the prognosis of stenosis of the left main 
coronary artery will be available only after an analysis of iso- 
lated left main coronary disease. 

2. Left main coronary artery disease involves a wide range 
of arterial narrowing (from 50 to 99 percent as estimated 
with arteriography). There is increasing evidence that only 
the most severe degree of stenosis is associated with a poor 
prognosis in patients receiving medical therapy. In other 
words, there is a large subset of patients in whom this lesion 
is basically benign.? 

3. The contribution of collateral circulation is often ignored 
or minimized. Effective collateral channels usually develop 
from the right coronary system, given time, as shown by a 
number of cases of total occlusion of the main left coronary 
artery associated with survival and not necessarily serious 
clinical consequences.* 

4. In the great majority of cases of significant left main 
coronary arterial stenosis the patients are severely symp- 
tomatic, usually showing unstable angina pectoris. It is not 
unreasonable to assume that when a left main coronary arte- 
rial stenotic lesion is found in an asymptomatic or mildly 
symptomatic patient, the probability is high that the lesion 


has not yet reached the critical stage. It follows that a clinically 


“silent” left main lesion will most likely become “manifest” 
by clinical iie r: when it progresses to the critical 


stage. 


Logically, it is necessary to answer the fundamental ques- 
tion: How often does a critical life-threatefiing left main cor- 
onary arterial lesion exist without causing symptoms? The 
only evidence that this situation does exist is provided by in- 
stances of sudden death occurring without warning in subjects 
with a silent main left coronary arterial lesion. Anecdotal 
quotation of such cases is not enough; actual figures are nec- 
essary, proving that patients with milder degrees of this lesion 
are more prone to unanticipated sudden death than are ran- 
dom patients with coronary artery disease. In light of the 


relative rarity of severe left main coronary arterial lesions and 
given the assumption that only a very small number of pa- 
tients with a left main lesion are at risk of dying before 
warning symptoms develop, a wide search for patients with 
a silent left main lesion is neither cost effective nor beneficial, 
considering the unwarranted anxiety it might arouse in a wide 
segment of a healthy or asymptomatic population. 
Arthur Selzer, MD, FACC 
Division of Cardiology 
Presbyterian Hospital of 
Pacific Medical Center 
San Francisco, California 
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STRATEGY FOR TREATMENT OF LEFT MAIN 
CORONARY ARTERY DISEASE —II 


Because one of the main purposes of the article by Epstein et 
al. is to emphasize the high cost of screening patients, I find 
their thinking inconsistent when they recommend cardiac 
catheterization for all mildly symptomatic patients and those 
with previous infarctions merely for the purpose of identifying 
the patient with disease of the left main coronary artery. 
Surely they are aware that significant disease of this artery 
is rarely present in the absence of marked S-T segment de- 
pression in the exercise electrocardiogram; in addition, it is 
almost always associated with advanced left ventricular dys- 
function. Thus, the vast majority of patients with this disease 
are quite symptomatic and can readily be identified by a 
careful history and physical examination in conjunction with 
an exercise test and perhaps one or more other noninvasive 
procedures when necessary. Furthermore, as a group they 
respond poorly to medication. Too often cardiac catheter- 
ization is carried out after minimal examination and little or 
no treatment for the purpose of “excluding left main disease." _ 
The approach recommended by Epstein et al. tends to support 
such practices and helps maintain the high cost of medical - 
care. It would make much more sense to follow up patients 
with mild symptoms in the usual clinical manner and reserve 
invasive studies for those who show steady progression of their 
symptoms. 

Howard H. Wayne, MD, FACC 

San Diego County Diagnostic Heart Center 

San Diego, California 


REPLY 


Selzer's and Wayne's letters expressing concern about the 
issue of left main coronary artery disease are timely and ap- 
propriate. They also provide us with the opportunity of 
reemphasizing our own approach to this lesion, which is 
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sbihewhat different from Selzer's, or that recommended by 
Wayne. 
* First, although left main coronary arterial stenosis is an 
uncommon lesion, it is not rare. In two separate consecutive 
series of asymptomatic or mildly symptomatic patients at the 
National Institutes of Health with coronary artery disease, 
10 percent had 50 percent or greater reduction of luminal di- 
ameter of the left main coronary artery.! Of more than 3,000 
consecutive patients who underwent cardiac catheterization 
for suspected ischemic heart disease at Duke University 
— Medical Center, 9 percent had 50 percent or greater narrowing 
— of the left main coronary artery.? 
It is true that the vast majority of patients with left main 
— disease have associated narrowing of other coronary arteries. 
__ Although little is known about the rare isolated left main le- 
= sion, evidence suggests that left main narrowing in the pres- 
—. ence of other coronary lesions has a deleterious impact on 
survival. According to the Duke University study,’ survival 
_ of patients with three vessel heart disease but without left 
- main arterial narrowing was 68 percent at 3 years; it was only 
. 37 percent when left main coronary artery disease was also 
present. Such data do not rule out the possibility that left 
main arterial stenosis simply identifies patients with far ad- 
vanced coronary disease. However, regardless of exact 
|J mechanisms, these facts highlight the ominous prognosis in- 
dicated by the presence of a left main lesion. 
| Second, we would agree that there probably is some cut-off 
point of left main coronary arterial narrowing that distin- 
guishes those patients who have no additional risk from those 
with higher risk (or perhaps a continuum of increasing risk 
exists as the degree of narrowing increases). Most investigators 
would agree that patients with less than 50 percent stenosis 
probably do not have an appreciable increase in risk in the 
immediate future. However, there is some controversy con- 
cerning the relative impact on survival of lesions producing 
— B0 to 70 percent reduction in luminal diameter versus those 
= producing greater than 70 percent narrowing. Although the 
- Duke study? indicates only lesions producing greater than 70 
|. percent narrowing adversely affect survival, the study from 





— the Montreal Heart Institute suggests that both groups have 
- asimilar decrease in survival. In addition, the rate of disease 

- progression as well as the magnitude of narrowing may in- 
- fluence prognosis in particular patient subgroups. 

Third, Selzer correctly emphasizes the potential contri- 
= bution of the collateral circulation to the potential adverse 
- — influences of left main narrowing. Perhaps an abundant col- 
lateral circulation supplied by a normal uncompromised right 
— coronary artery accounts for the better survival reported for 

=~ patients with a normal, as compared with a stenotic, right 

coronary artery.*> Nonetheless, the extraordinarily rare de- 
= tection of a patient with a totally occluded left main coronary 
- A artery suggests that this lesion is usually incompatible with 
. life. From a theoretical viewpoint, dependence of the entire 
= myocardial blood supply upon patency of the right coronary 
| artery in a patient with established proximal coronary disease 
would seem a risky venture. Even relatively mild narrowing 
of the right coronary artery or perturbations in flow delivery 
| (for example, right coronary spasm, compromise of collateral 
function by hypotension or tachycardia) might lead to ca- 
tastrophe. 

Fourth, although Selzer and Wayne may be correct in as- 
suming that the great majority of patients with a significant 
left main coronary arterial stenosis are severely symptomatic, 
usually with unstable angina, this is not an established fact. 
Until recently, there have been no studies reported in which 
mildly symptomatic patients with coronary artery disease 





were studied by angiography. Because we originally shared 
Selzer’s and Wayne’s impression, we were surprised to find 
as many as 10 percent of mildly symptomatic patients had 50 
percent or greater reduction of luminal diameter of the left 
main coronary artery.^? It may be that such lesions, when 
present in mildly symptomatic patients, have not reached a 
“critical” stage in terms of life and death. It is also possible, 
as Selzer states, that a clinically “silent” (or “whispering”) left 
main lesion will most likely become more evident by the de- 
velopment of progressive symptoms. On the other hand, we 
have all become keenly aware of the potential for sudden dy- 
namic changes that can occur in luminal diameter as a result 
of either coronary spasm or platelet adhesion and aggregation. 
On purely theoretical grounds, lesions of the left main coro- 
nary artery are unique in the extent of myocardium jeopar- 
dized and the lack of opportunity of the development of 
compensatory collateral blood flow between radicals of the 
left system. Thus, rapid progression of such lesions, although 
transient, might lead to a relatively high incidence of cata- 
strophic events, even in patients with few antecedent symp- 
toms. 

The latter scenario is theoretical only. As we indicated in 
our review, a recent study from Finland® demonstrated that 
only 5 percent of 151 patients experiencing sudden death from 
coronary artery disease occurring outside of hospital had 50 
percent or greater narrowing of the left main coronary artery. 
This prevalence of left main disease is certainly not higher 
than that determined by angiographic studies in living pa- 
tients, raising the possibility that patients with left main 
disease, at least those with no or with mild symptoms, may not 
be at appreciably higher risk of sudden death than those with 
double or triple vessel disease. 

However, it should be noted that sudden death is not the 
only means by which left main lesions can accelerate mortal- 
ity. Extensive infarction within the myocardium supplied by 
the left coronary artery may lead inexorably to early death due 
to congestive failure. As in the case of sudden death, this 
outcome probably cannot be altered once the ischemic event 
has occurred. 

Selzer correctly emphasizes that the case has not been 
convincingly made for operating on all patients with left main 
coronary narrowing to improve survival, and therefore that 
searching for patients with silent left main lesions is neither 
cost effective nor beneficial. This reflects our own position on 
this subject, which was stated explicitly in our review: “We 
do not believe it is medically or economically practical to 
screen such patients (those with no symptoms) for coronary 
artery disease.” Even if an exercise test is performed that is 
positive in an asymptomatic person, we stated that “Beeause 
of the resulting low yield of left main coronary lesions that will 
be discovered, and the difficulty inherent in identifying the 
individual asymptomatic patient at high risk, we do not rou- 
tinely perform cardiac catheterization in such persons.” 

The symptomatic patient with left main coronary arterial 
narrowing presents much more complex problems. Virtually 
all studies of symptomatic patients with left main coronary 
arterial narrowing have identified these patients as experi- 
encing a relatively high annual mortality. Of medically treated 
patients, annual mortality averaged about 9 percent in the 
Veterans Administration Cooperative Study,° 10 percent in 
the Montreal Heart Institute and Cleveland Clinic studies,’ 
and 17 percent at Duke University.? Unfortunately, all of these 
studies were performed in severely symptomatic subjects. 
Anywhere from 48 to 77 percent of these patients were in 
functional class III or IV^9 and 90 percent had either pain 
at rest or abnormal left ventricular function.?? Whether or not 
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less symptomatic subjects share a similarly dire prognosis has 
not been established. However, even when mortality estimates 
are based on “low risk" patients with left main coronary artery 
disease, the long-term outlook for medical management is not 
good. The patients with normal left ventricular function had 
a 6 percent annual mortality rate in the Montreal study* and 
a 9 percent annual mortality in the Cleveland study.’ Those 
patients from Duke University Medical Center who were 
identified as a “low risk subgroup" still had an annual mor- 
tality of 9 percent. Even in those patients studied at Duke 
University with 50 to 70 percent stenosis of the left main 
coronary artery and who fell into the “low risk group” (one or 
less of the following risk factors: history of congestive heart 
failure, chest pain at rest, cardiomegaly on chest X-ray ex- 
amination and ST-T wave changes in the resting electrocar- 
diogram), annual mortality was still about 5 percent/year.? 

In summary, we agree with the implications of Selzer's re- 
marks: that there is at this time no firm evidence that opera- 
tion in asymptomatic or mildly symptomatic patients with left 
main disease increases survival. In addition, (1) it appears that 
left main coronary stenosis, in a non-hospital based popula- 
tion, does not cause a disproportionately high percentage of 
sudden coronary deaths; and (2) it does not seem feasible at 
this time to mount an effective screening program that can 
identify asymptomatic patients at high risk of sudden death.®8 
We therefore do not advocate screening asymptomatic 
subjects for left main coronary artery disease. We also support 
the concept of additional studies to test whether or not surgery 
increases survival in some or in all of the subgroups of mildly 
symptomatic patients with left main disease. However, until 
such data are at hand, it is our bias to operate on symptomatic 
patients with significant lesions of the left main coronary ar- 
tery even when the symptomatic limitation is only mild. 

Finally, Wayne's thoughtful comments concerning the cost 
implications of performing cardiac catheterization in mildly 
symptomatic patients to screen for left main coronary artery 
disease demand attention. As mentioned, we now know that 
about 10 percent of mildly symptomatic patients with coro- 
nary disease have 50 percent or greater reduction in luminal 
diameter of the left main coronary artery.-? We also know, as 
detailed in our review, that only about one half of the patients 
with left main disease will have 2 mm or greater S- T segment 
depression on exercise stress testing. It also has been our ex- 
perience that mildly symptomatic patients who have signifi- 
cant left main coronary artery disease usually have normal left 
ventricular function at rest, and preliminary data using ra- 
dionuclide assessment of left ventricular function or perfusion 
during exercise suggest that these approaches do not appear 
capable of distinguishing patients with left main disease from 
those with two or three vessel disease. Hence, Wayne's 
statement that “. . . the vast majority of such patients (those 
with left main disease) are quite symptomatic and can be 
readily identified by a careful history and physical examina- 
tion in conjunction with an exercise test and perhaps one or 
more other noninvasive procedures when necessary" is simply 
not supported by the facts. Nonetheless, our reply to Selzer's 
comments concerning the possibility that certain mildly 
symptomatic patients with left main disease may not be at 
high risk is applicable here, although documentation of such 
a concept is lacking. 

We wish to emphasize, however, as we did in our review, 
that preliminary screening with electrocardiography and ex- 
ercise testing offers a reasonable alternative to screening all 
symptomatic patients suspected of having coronary disease 
by catheterization. By performing catheterization only in 
those patients with 1 mm or greater S-T segment depression 
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(exercised to 85 percent of maximal predicted heart ratÉ)* : 
more than 90 percent of patients with left main disease will i 
be identified and catheterization studies will not have to be 
performed in about 50 percent of patients with coronary dis- 
ease (those with less than 1 mm S-T segment depression) who 
would turn out at catheterization not to have significant le- 
sions of the left main coronary artery. 

Probability analysis of our data is also informative and 
helpful in considering Wayne’s comments. Such analysis in- 
dicates that if a given patient with mild symptoms manifests 
2 mm or greater S-T segment depression during exercise 
testing, he has a probability of left main narrowing of about 
30 percent. If this criterion is used as the cut-off point for 
performing coronary angiography, 80 percent of patients will 
not have to undergo angiographic studies. However, a patient 
with less than 2 mm but 1 mm or greater S-T depression will 
still have a 10 percent probability of having left main disease. 
If 1 mm or greater S-T segment depression is used as the 
cut-off point for performing coronary angiography, less than 
10 percent of patients with left main disease will go unde- 
tected. Moreover, about 50 percent of patients with coronary 
artery disease will manifest less than 1 mm S-T depression 
(patients who will not undergo catheterization by use of such 
a screening criterion), and a patient in this group will have a 
probability of left main disease of only 1 percent. Hence, the 
physician can use his own judgment in determining the 
probabilities he wishes to use in selecting the particular 
screening criterion used as the trigger to perform coronary 
angiography. 

Stephen E. Epstein, MD, FACC 

Robert E. Goldstein, MD, FACC 

Douglas R. Rosing, MD 

Kenneth M. Kent, MD, FACC 

Jeffrey S. Borer, MD, FACC 

National Heart, Lung, and Blood Institute 
National Institutes of Health 

Bethesda, Maryland 
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PROGRESSION OF CORONARY ARTERY DISEASE 


In their study of the progression of coronary arterial stenoses 
in 25 patients with unstable angina during a year of optimal 
medical therapy, Rafflenbeul et al.! state that “coronary 
anatomy showed no significant change after 1 year of medical 
treatment.” This conclusion was based on the following mean 
data: 27 right coronary arterial lesions showed 79 percent 
stenosis at the first catheterization and 84 percent stenosis at 


September 1980 The American Journal of CARDIOLOGY Volume 46 519 





' fht second catheterization, 26 left anterior descending coro- 
nary arterial lesions “changed” from 78 percent to 77 percent 

‘and 16 circumflex lesions from 73 percent to 83 percent. Al- 
though the authors state that the mean progression in each 
of these groups was not statistically significant, this is in part 
related to the small size of the groups. Some circumflex lesions 
probably crossed the 90 percent occlusion, progressive myo- 
cardial-fibrosis barrier? for the average stenosis to have be- 
come greater than 80 percent. Further, 11 (44 percent) of 25 
patients and 14 (20 percent) of 69 stenoses manifested pro- 
gression of more than 20 percent. In three patients (12 per- 
cent) significant new lesions developed at previously normal 
coronary sites but the authors incorrectly deemphasized this 
point. On page 705, they state “three patients (4 percent) 
had. . .." Four percent does not relate to the number of pa- 
tients but rather to the number of new coronary stenoses 
versus the total number of new and previously demonstrated 
stenoses, that is, 3 (4 percent) of 72. Finally, all six stenoses 
greater than 90 percent and one multiple stenosis progressed 
to complete obstruction and six of the seven newly developing 
occlusions resulted in death of the myocardium in the distri- 
bution of the blocked vessel. 

Although many individual coronary lesions did not show 
significant progression, it is clinically relevant that 44 percent 
of the patients had stenoses that progressed more than 20 
percent, that in 12 percent of the patients significant new le- 
sions developed and that all stenoses greater than 90 percent 
progressed to complete obstruction. To combine these data 
mathematically with the 20 percent of stenoses that regressed 
and the remaining lesions that did not change during the year 
of follow-up, to reach the conclusion stated in the discussion 
on page 705 (“In the present investigation we found no sig- 
nificant difference between the first and second angiographic 
study in the degree of obstruction of any of the vessels under 
scrutiny.") indicates the authors' servitude to their statistical 
methods. Just as Rafflenbeul et al. have shown that coronary 
stenoses show no significant change during a year of medical 
therapy, one can prove that Mount Everest does not exist 
because it falls far outside two standard deviations of the mean 
of the height of all the world's mountains. 

The study of Rafflenbeul et al. clearly and impressively 
demonstrates the variable course of coronary artery disease 
in different individuals. From the point of view of patient care, 
if not of statistics, the 44 percent of patients with progressive 
lesions, the 12 percent with significant new stenoses and the 
individuals with new myocardial infarctions certainly deserve 
additional consideration. Similarly, the authors' seemingly 
certain demonstration of regression of human coronary ar- 
terial stenoses in 20 percent of their patients deserves inten- 
sive study for verification and delineation of possible thera- 
peutic interventions to enlarge this group. This will not be 
simple because two of the five patients with regressive disease 
continued to smoke at least 1 pack of cigarettes/day. Still, 
somewhere within the morass of multiple variables involved, 
may be hidden the genesis of a therapeutic triumph. 

G. Frank O. Tyers, MD, FACC 

Division of Cardiovascular and Thoracic Surgery 
University of Texas Medical Branch 

Galveston, Texas 
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DIAGNOSIS OF POLYMORPHOUS 
VENTRICULAR TACHYCARDIA 


Sclarovsky et al.! draw attention to an atypical form of ven- 
tricular tachycardia developing as a complication of antiar- 
rhythmic drug therapy, and emphasize the role of increasing 
the heart rate by isoproterenol or electrical pacing in its 
management. Most of the patients described had clinical and 
electrocardiographic features typical of torsade de pointes.?? 
The authors evidently believe that introduction of yet another 
descriptive term for this arrhythmia is warranted, perhaps to 
include cases in which no tracing showing classic undulation 
of the QRS axis during tachycardia‘ is recorded. Their elec- 
trocardiographic criteria for “polymorphous ventricular 
tachycardia” were: a ventricular rhythm at a rate between 150 
and 300 beats/min with varying R-R intervals, and a QRS 
configuration changing almost from beat to beat. These cri- 
teria may not reliably distinguish the atypical tachycardia 
from the usual form of ventricular tachycardia, because long 
runs of uniform QRS complexes may be seen in the former, 
and variation in QRS configuration and axis is occasionally 
seen in the latter.» For these reasons, prolongation of the Q-T 
interval during normal rhythm and the presence of an ap- 
propriate clinical setting have been stated to be of greater 
diagnostic value than the QRS configuration during tachy- 
cardia.?^ 
Urs Steinbrecher, MD 
Department of Medicine 
Royal Victoria Hospital 
Montreal, Quebec, Canada 
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REPLY 


The term polymorphous ventricular tachycardia was sug- 
gested by us to describe the heterogeneous group of unusual 
ventricular tachyarrhythmias previously reported under 
different names. The common electrocardiographic charac- 
teristics of these ventricular tachyarrhythmias is the poly- 
morphy of the QRS complexes with a rate of 150 to 300 
beats/min and changing R-R interval. On the basis of these 
criteria, torsade de pointes may be considered a variant of 
polymorphous ventricular tachycardia. 

We agree that many patients presenting with these ven- 
tricular tachyarrhythmias manifest prolongation of the Q-T 
interval. However, because in some patients the classic elec- 
trocardiographic tracing of torsade de pointes is not evident 
and in others the mode of treatment has to be decided on ur- 
gently (sometimes before an electrocardiographic strip with 
sinus rhythm can be obtained), the diagnosis of polymorphous 
ventricular tachycardia by the electrocardiographic criteria 
mentioned may be of value. 


Samuel Sclarovsky, MD 

The Israel and lone Massada Center 
for Heart Diseases 

Petah-Tiqva, Israel 
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TREATMENT OF POLYMORPHOUS 
VENTRICULAR TACHYCARDIA 


Nicholson et al.! report on three cases of ventricular fibrilla- 
tion provoked by usual dosages of disopyramide. The associ- 
ation of ventricular tachyarrhythmias and prolongation of 
Q-T interval is a feature of the arrhythmia known as “torsade 
de pointes." ? The illustration of the arrhythmias in their 
cases, most noticeably in Case 2, indeed suggests the presence 
of torsade de pointes. The refractoriness of the arrhythmia 
to orthodox treatment, as found in their Case 1, was men- 
tioned by Krikler and Curry,? who commented that drugs with 
actions similar to those of quinidine may disastrously aggra- 
vate the arrhythmia. Among the drugs used by Nicholson et 
al. in their Case 1 were lidocaine and procainamide, both of 
which have been reported to cause torsade de pointes. ? 
Krikler and Curry? recommended treatment with isopre- 

naline in such cases, but did not refer to results obtained with 
such therapy. In a similar patient treated by one of us 
(M.M.Z.) the arrhythmia did not recur after electrical 
defibrillation, and drug therapy was not administered. We 
wonder whether Nicholson and his associates considered using 
isoprenaline in their patients? Indeed, we would be interested 
to know the experience of other cardiologists in treating cases 
of torsade de pointes with isoprenaline. 

Monty M. Zion, MD, FRCP, FACC 

Ivor Geft MB, MRCP 

Institute of Cardiology 

Shaare Zedek Medical Centre 

Jerusalem, Israel 
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We agree that Case 2 in our recent report represents “torsade 
de pointes" as described by Krikler and Curry. All three cases 
in our report are best characterized by the recently suggested 
phrase “polymorphous ventricular tachycardia.” In our 
management of Case 1 no significant lessening of the ar- 
rhythmia occurred with any drug management attempted. 
Overdrive pacing proved to be the definitive treatment in this 
case. Such management has been suggested in the past. Only 
recently! has successful control of this arrhythmia with iso- 
proterenol in 10 patients been documented. Seventeen other 
patients were successfully managed with overdrive pacing, as 
in our Case 1. Consequently, we believe that the management 
of recurring polymorphous ventricular tachycardia should be 
(1) discontinuance of the offending drug, and (2) adminis- 
tration of overdrive pacing or isoproterenol, or both. The use 
of type I antiarrhythmic agents such as quinidine and pro- 
nestyl should be avoided. 


W. Jay Nicholson? MD, FACP, FACC 
Department of Medicine 

Division of Cardiology 

York Hospital 

York, Pennsylvania 


Reference 


1. Sclarovsky S, Strasberg B, Lewin RF, Agmon J. Polymorphous ventricular tachycardia: 
Clinical features and treatment. Am J Cardiol 1979;44:339-44. 


September 1980 The American Journal of CARDIOLOGY Volume 46 521 


LETTERS TO THE EDITOR ^ 


LEFT BUNDLE BRANCH BLOCK "2 


WITH LEFT AXIS DEVIATION 


a 


^ 
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Lichstein et al.! reported on 49 patients with chronic left - 


bundle branch block and left axis deviation and concluded 
that the majority of their patients with these combined find- 
ings have associated left anterior hemiblock. In support of 
their conclusion we? recently described a patient who mani- 
fested acute left anterior hemiblock at the onset of myocardial 
ischemia induced by exercise followed a minute later by 
complete left bundle branch block that disappeared after 3 
minutes of recovery. We believe that the cause of the con- 
duction abnormality in our patient was myocardial ischemia 
because we could not reproduce this exercise-related elec- 
trocardiographic abnormality after successful myocardial 
revascularization had been performed. 

Rene A. Oliveros, Lt Col, USA MC 

Department of Cardiology 

Division of Medicine 

Department of the Air Force 

Wilford Hall USAF Medical Center (AFSC) 

Lackland Air Force Base, Texas 
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In Oliveros' patient left anterior hemiblock developed and 
then left bundle branch block with left axis deviation 1 minute 
later. Although this time interval is much shorter than in our 
patients with chronic disease, the fact that the conduction 
defects occurred separately is similar. Unfortunately, neither 
of our observations answers the question whether these 
findings are related to an anatomic defect or can be explained 
by a functional abnormality of conduction. 


Edgar Lichstein, MD, FACC 
Maimonides Medical Center 
Division of Cardiology 
Brooklyn, New York 


OCCULT THYROTOXICOSIS AND THYROTROPIN- 
RELEASING HORMONE TEST—I 


This commentary is presented in the hope that the study of 
Forfar et al.! will not be uncritically accepted by the medical 
community? and result in an unwarranted increase in the use 
of the thyrotropin-releasing hormone (TRH) test. 

That thyrotoxicosis can exist in the elderly, in the absence 
of classical clinical signs, has been known for many years, as 
has the ability of hyperthyroidism to produce atrial fibrilla- 
tion. Although most observers agree that the thyrotropin- 
releasing hormone test is the most sensitive study for the di- 
agnosis of primary hyperthyroidism, I question whether it was 
necessary to use it in any of the patients in their report. Of the 
10 patients, only 2 (Cases 1 and 10) had normal values of both 
triiodothyronine (T3) and total thyroxine (T4). Both patients 
were women, but at or past the usual age of menopause. In the 
absence of estrogens they would be expected to have relatively 
low levels of thyroxine-binding globulin and thus high-normal 
values would be unusual. Studies of free thyroxine, or a Free 
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"fiyroxine Index might have yielded abnormal results and leasing hormone.* Similarly, in euthyroid Graves’ disease,’ 
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eliminated the need for further investigation. Treatment with 
propranolol in Case 1, as noted in the paper, may have masked 
“triiodothyronine toxicosis” by blocking conversion of thy- 
roxine to triiodothyronine.? 

A theoretical objection to the routine use of thyrotropin- 
releasing hormone testing in patients with arrhythmia is that, 
in the éuthyroid subject, injection of thyrotropin-releasing 
hormone causes a transient rise in triiodothyronine (by about 
70 percent), which might aggravate an already compromised 
cardiac status.^ 

The authors also presented a minor error in the Discussion 
section. Recent work? has demonstrated that the reciprocal 
changes in triiodothyronine and reverse triiodothyronine are 
due to a decrease in 5’ deiodinase, the enzyme responsible for 
production of triiodothyronine and removal of reverse tri- 
iodothyronine, without a significant increase in “shunting” 
of thyroxine toward reverse triiodothyronine. 

In summary then, I suggest that the thyrotropin-releasing 
hormone test, an expensive and potentially dangerous pro- 
cedure, can almost always be avoided if adequate baseline 
studies are obtained. 

Alfred J. Padilla, MD 
Department of Medicine 
Upstate Medical Center 
Syracuse, New York 
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OCCULT THYROTOXICOSIS AND THYROTROPIN- 
RELEASING HORMONE TEST—II 


Forfar et al. state that “clinically occult thyrotoxicosis can be 
identified consistently only with the thyrotropin-releasing 
hormone test" and “the most reliable screening test ... is 
measurement of the serum thyrotropin response to thyro- 
tropin-releasing hormone. If this test is not performed ... a 
small portion of patients with thyrotoxic atrial fibrillation will 
not be identified." However, their data do not support these 
statements. In 8 of their 10 patients with idiopathic atrial fi- 
brillation, thyroid hormone levels were elevated; 7 had ele- 
vated serum thyroxine (T4) and triiodothyronine (T3) levels 
and one had an elevated level of the latter only. Of the two 
remaining patients one had a high normal serum triiodothy- 
ronine level during treatment with propranolol, which, as the 
authors note, can decrease levels of this hormone.!? 

In all 10 of their patients the thyrotropin-releasing hormone 
(TRH) tests showed a lack of response, and on this basis the 
authors made the diagnosis of hyperthyroidism. However, it 
has been repeatedly demonstrated that an absent thyrotropin 
(TSH) response to thyrotropin-releasing hormone is not 
specific for thyrotoxicosis.? Patients can take doses of thy- 
roxine that result in normal serum levels of thyroxine and 
triiodothyronine, normal heart rate, normal Holter monitor 
tracings and no response of thyrotropin to thyrotropin-re- 


euthyroid subjects with a family history of Graves’ disease,° 
treated hyperthyroidism® and euthyroid autonomous nod- 
ules,^? lack of response to thyrotropin-releasing hormone can 
occur. One of the two patients in the study of Forfar et al. with 
normal thyroid hormone levels had an autonomous nodule, 
which could explain the lack of response to thyrotropin-re- 
leasing hormone. As further evidence that their patients were 
thyrotoxic, the authors note that in most of their patients 
treatment resulted in reversion to sinus rhythm. However, the 
levels of thyroid hormone at the time of conversion were not 
given for most of these patients. In several conversion to 
normal rhythm occurred shortly after therapy with iodine-131, 
which could have been before the fall in thyroid hormone 
levels took place. | 

In summary, of their 10 patients, 8 had elevated thyroid 
hormone levels and 1 (with an autonomous nodule) had a 
borderline triiodothyronine level while being treated with a 
drug that can reduce these levels. Their 10th patient did not 
appear thyrotoxic, had normal thyroid hormone levels and her 
uncontrolled ventricular rate responded to digoxin and con- 
servative therapy. The lack of response to thyrotropin-re- 
leasing hormone and the subsequent positive response to this 
hormone after therapy does not mandate a diagnosis of hy- 
perthyroidism because euthyroid patients may not respond 
to this hormone. Although lowering this patient's thyroid 
hormone levels with carbimazole may have made her re- 
sponsive to thyrotropin-releasing hormone, she was not nec- 
essarily thyrotoxic because slight reductions in levels of tri- 
iodothyronine and thyroxine are associated with a marked 
enhancement of the thyrotropin response to thyrotropin- 
releasing hormone.? 

We therefore agree that patients with idiopathic atrial fi- 
brillation should be screened for thyrotoxicosis, especially 
older patients in whom a clinical diagnosis can be difficult. 
However, serum total thyroxine, total triiodothyronine, and 
a measurement of either protein binding (for example, tri- 
iodothyronine resin uptake or thyroxine-binding globulin) or 
free thyroid hormone should be sufficient. In patients with 
borderline thyroid hormone levels, a thyrotropin-releasing 
hormone test can be useful because a normal response ex- 
cludes the diagnosis of hyperthyroidism. However, it is un- 
necessary to screen large numbers of patients with this test, 
which does not diagnose thyrotoxicosis. 

Joel M. Goldman, MD 
Division of Endocrinology 
Department of Medicine 
Coney Island Hospital 
Brooklyn, New York 


Isa P. Goldman, MD 
Division of Cardiology 
Department of Medicine 
Greenpoint Hospita! 
Brooklyn, New York 
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Padilla's main objection is that the thyrotropin-releasing 
hormone (TRH) test is expensive and potentially dangerous 
and its use can almost always be avoided if adequate baseline 
studies are obtained. We argue that in an elderly population 
in which the classic physical signs of hyperthyroidism are 
often absent, it is much more cost-effective to estimate serum 
total triiodothyronine (T3), thyroxine (T4) and serum thyro- 
tropin (TSH) response to thyrotropin-releasing hormone on 
the initial visit to the clinic, than to recall patients in whom 
equivocal levels of serum total triiodothyronine or thyroxine, 
or both, have been obtained. Furthermore, the potential 
danger of the thyrotropin-releasing hormone test is theoretical 
rather than real, and we know of no good evidence that it 
should be used with caution. 

With regard to the points raised by Goldman and Goldman, 
it is clear from our study that measurement of serum total 
thyroxine and triiodothyronine and a protein-binding test are 
not sufficient to exclude hyperthyroidism. It is our opinion 
that the finding of a lack of response of serum thyrotropin to 
thyrotropin-releasing hormone in patients with unexplained 
atrial fibrillation is sufficient evidence for antithyroid therapy. 
Such a policy has been vindicated in the two patients with 
normal levels of serum triiodothyronine, thyroxine and thy- 
roxine-binding globulin, but absent serum thyrotropin re- 
sponse to thyrotropin-releasing hormone whose arrhythmia 
reverted to normal sinus rhythm with effective antithyroid 
treatment. Whatever the electrophysiologic mechanism 
triggering atrial fibrillation in these patients, we believe that 
it was the reduction in circulating thyroid hormones, allowing 
a normal serum thyrotropin response to thyrotropin-releasing 
hormone, that led to the establishment of stable sinus 
rhythm. 


J. Colin Forfar, MD 
Hugh C. Miller, MD 
Department of Cardiology 


Anthony D. Toft, MD 
Department of Medicine 


Royal Infirmary 
Edinburgh, Scotland 


RECORDING OF SINUS NODAL *POTENTIAL 


The results concerning the recording of the electrogram 
from the sinoatrial pacemaker by Cramer et al.! are very close 
to those we? published previously. Our experimental prepa- 
ration in the hearts of dogs was similar: The sinus nodal po- 
tential was recorded from the epicardial surface by a hand- 
held bipolar electrode. The potential recorded in the sinus 
nodal area, showing a slow slope with a progressive start, an 
abrupt transition with the large atrial deflection of the atrial 


depolarization near the sinus pacemaker, is identical to that 
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in their recordings. The sinoatrial conduction time was the. ' 


same: 50 to 100 ms. 

As Cramer et al. point out, it is difficult to certify the sinusal 
origin of this slow slope when the heart rate is fast and this 
slow wave happens at the end of the previous T wave. The 
perfusion of important doses of amiodarone (5 to 15 mg/kg) 
creating different degrees of sinoatrial block allowed us to 
prove the sinus nodal origin of this slow preatrial wave and to 
certify the reality of first, second and third degree sinoatrial 
block. When we have applied this technique to human 
subjects, we were able to record the sinus node during cardiac 
catheterization? with sinusal rhythm and intermittent si- 
noatrial block. As in dogs, the aspect of the sinus nodal elec- 
trogram changes according to the cycle, the electrode being 
held in a constant position. This is probably related to the fact 
that the pacemaking site can move. These changes can also 
be created by premature atrial pacing. In human beings, the 
sinoatrial conduction time is less than 140 ms; this conduction 
time can be much longer when a sinoatrial block occurs or after 
an atrial premature complex (up to 500 ms). The overdrive 
suppression or the pause after an atrial premature complex 
is usually related to block of one or more sinusal potentials and 
not to a sinusal inhibition (except for the pauses, shorter than 
two sinusal cycles). 

Like Cramer et al., we believe that it is possible to record 
the sinus nodal potential in man and that this will aid study 
of the sinusal pacemaker and sinoatrial conduction. Our first 
results in human beings confirm this impression; we shall 
publish the recording of sinus nodal electrograms in 30 pa- 
tients.* 

A. Castillo-Fenoy, MD 
Centre Cardiologique du Nord 
Paris, France 
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SHEATH SET APPROACH TO PERMANENT 
CARDIAC PACING 


As a cardiologist and director of a large pacemaker program, 
I would like to reinforce the sheath set approach to permanent 
cardiac pacing described by Littleford et al.! We have relied 
exclusively on this approach for several months, and in a series 
of more than 20 patients there has been no hemorrhage, he- 
matoma, infection or pneumothorax. In addition, lead intro- 
duction time has been dramatically reduced. 

At present there are specific benefits of this approach as we 
insert tined leads and utilize the more complex lead system 
for atrioventricular (A-V) sequential pacing. I have used two 
introducers in tandem for the insertion of the dual bipolar lead 
system required for this form of pacing. Despite use of the 
large 14 French introducer for the tined atrial J wire and a 
second 12 French introducer for the tined bipolar ventricular 
lead, there was no hemorrhage or hematoma. The electrodes 
were also manipulated with ease. 


September 1980 The American Journal of CARDIOLOGY Volume 46 523 


iit] 


“LETTERS TO THE EDITOR 


t 


Ee My approach to this new technique is to make an initial very significant (p < 0.001). This premature closure of the 


small ineision in the infraclavicular area carried down to the 
surface of the pectoralis fascia with the subclavian stick car- 
ried out through this incision. I believe that this technique 
avoids the potential of tracking bacteria from the skin into the 
future pocket, and also provides better visualization of ana- 
tomic landmarks. In addition, the trajectory to the subclavian 
vein is*more certain, thus reducing the risk of pneumo- 
thorax. 

Peter H. Belott, MD 

El Cajon, California 
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MID SYSTOLIC NOTCHING OF PULMONARY VALVE 


Bauman et al.! reported the occurrence of a mid systolic notch 
or closing of the pulmonary valve in a patient with idiopathic 
dilatation of the pulmonary artery without any pulmonary 
hypertension. This interesting finding demonstrates once 
more the presence of a mid systolic notch in conditions other 
than pulmonary hypertension.?-* 

Recently we? reported the occurrence of a mid systolic notch 
in seven patients with isolated pulmonary infundibular ste- 
nosis and two patients with idiopathic hypertrophic subaortic 
stenosis causing right ventricular outflow tract obstruction 
due to extreme asymmetric septal hypertrophy (Fig. 1). An 
important feature was the earlier occurrence of premature 
closure in right ventricular outflow obstruction than in pul- 
monary hypertension. Right ventricular ejection time was 
measured on the echocardiogram from the opening (O) to the 
closure (C) of the pulmonary valve. The O-C/RVET ratio was 
0.35 + 0.01 in right ventricular outflow obstruction versus 0.5 
+ 0.01 in severe pulmonary hypertension. This difference was 
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pulmonary valve in right ventricular outflow obstruction could 
be explained by a mid systolic reduction of pulmonary flow 
due to obstruction. 

Thus we believe that premature closure of the pulmonary 
valve is a complex dynamic phenomenon whose occurrence 
depends on flow characteristics across the valve as well as on 
the capacitance of pulmonary trunk and vascular bed. Further 
investigations are required to determine the exact patho- 
physiology of mid systolic notching. 

Alex Kamal Haddad, MD 

Réal Lebeau, MD 

Gerard Tremblay, MD, FRCP (C), FACC 
Hôpital Sacre Coeur 

Montreal, Quebec, Canada 
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Premature closure of the pulmonary valve is clearly a complex 
phenomenon and premature closure in right ventricular 
outflow tract obstruction may occur earlier than the mid 
systolic closure seen in pulmonary hypertension, or in our case 
of idiopathic dilatation of the pulmonary artery. Additionally, 
the early closure seen in fixed pulmonary infundibular stenosis 
may be associated with coarse systolic fluttering of the valve 
leaflets. This fluttering can extend to diastole. One unifying 
feature of these conditions is a disparity between the size of 


FIGURE 1. Echocardi in idiopathic 
hypertrophic subaortic stenosis showing (A) 
premature closure of the aortic valve (AV, 
arrow) and (B) premature closure of the pul- 
monary valve (PV, arrow). CAR = carotid ar- 
terial tracing; ECG = electrocardiogram; LA -, 
= left atrium. 


1629 031178 


the pulmonary outflow tract and the pulmonary artery. This 
phenomenon deserves further study. 


L. Samuel Wann, MD 

Division of Cardiology 

The Medical College of Wisconsin 
Milwaukee, Wisconsin 


SEPTAL THICKNESS MEASUREMENTS IN CONGENITAL 
AORTIC VALVE STENOSIS 


Bass et al.! reported that they were unable to improve the 
correlation between peak systolic left ventricular pressure and 
the end-diastolic left ventricular posterior wall thickness to 
chamber dimension ratio in children with congenital aortic 
valve stenosis by using the average of end-diastolic septal and 
posterior wall thicknesses rather than posterior wall thickness 
alone. Examination of their published data in Table II reveals 
that 7 of the 27 patients analyzed had diastolic septal thick- 
ness measurements significantly greater than posterior wall 
measurements, with the diastolic septal to posterior wall 
thickness ratio greater than 1.5. If these measurements are 
correct, then a significant number of the children in their 
study had eccentric left ventricular hypertrophy, a finding 
that is not in agreement with general experience. Alterna- 
tively, the septal thickness measurements presented are ar- 
tificially increased because of the echocardiographic recording 
techniques employed. 

In our study? of children with congenital aortic valve ste- 
nosis only one patient with severely elevated left ventricular 
pressure (225 mm Hg peak systolic) had a septum to posterior 
wall thickness ratio of 1.5; all others had a ratio of less than 
1.3. In the study by Bass et al., five of the seven patients with 
an only moderately increased peak systolic left ventricular 
pressure (less than 160 mm Hg) had a septum to posterior wall 
thickness ratio greater than 1.5. ` 

Accurate septal thickness measurements require careful left 
ventricular echograms because an oblique transducer angu- 
lation artificially increases the septal thickness in relation to 
the posterior wall. Furthermore, assessment of the right 
ventricular limit of the septum, with its multiple echoes, may 
present difficulties for accurate measurements. Nevertheless, 
we believe that accurate end-diastolic septal measurements 
can be made from multiple left ventricular echograms ob- 
tained from a position that provides as perpendicular a 
transducer-left ventricular septum orientation as possible. 
The concept of using end-diastolic left ventricular wall 
thickness to chamber dimension ratio as a determinant of 
peak left ventricular systolic pressure is sound, and careful 
clinical studies have amply confirmed its validity.?-? We 
concur with Gaasch* that the accuracy of left ventricular 
pressure prediction from the end-diastolic or, indeed, end- 
systolic left ventricular wall thickness to chamber dimension 
ratio rests largely on the precision of these measurements. 

Kalim U. Aziz, MD 

Division of Cardiolody 

Willis J. Potts Children's Heart Center 
The Children's Memorial Hospital 

and the 

Department of Pediatrics 

Northwestern University Medical School 
Chicago, Illinois 
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Aziz raises legitimate questions that also concerned us. Several 
of our patients with congenital aortic valve stenosis had dis- 
proportionate thickening of the interventricular septum with 
an increased ventricular septum to posterior wall thickness 
ratio (greater than 1.3 in 8 of our 27 patients, greater than or 
equal to 1.5 in 5 of these). This was an unexpected finding 
when the study was performed and differs from the data in 
reports of concentric hypertrophy in adults with aortic valve 
stenosis. ! However, we were unable to find reasons to exclude 
these patients from our study. 

All of our echocardiograms were performed from a “stan- 
dard interspace" ? along the left sternal border where the 
transducer was perpendicular to the chest wall while recording 
mitral valve leaflets. Only echocardiograms in which the right 
and left sides of the interventricular septum were recorded 
with simultaneous recording of the endocardial surface of the 
left ventricle were included in the study. Care was taken that 
tricuspid valve echoes were excluded from interventricular 
septal measurements. These efforts should have minimized 
errors in evaluation of ventricular septal thickness due to 
oblique septal orientation or poor resolution of the right septal 
surface. All measurements were independently performed by 
three of the authors, and differences were resolved before the 
echocardiographic and hemodynamic data were combined. 
We have no explanation for the high incidence rate of dis- 
proportionate ventricular septal thickness in our patients, but 
transducer angulation or measurement error is unlikely to 
have been the cause. 

Exclusion of the eight patients with a ventricular septum 
to posterior wall thickness ratio greater than 1.3 from the re- 
gression analysis (comparing the average diastolic thickness 
to diameter ratio and peak systolic left ventricular pressure) 
yielded an r value of 0.74. 'T'his was no different from the value 
obtained when these eight patients were included, thus 
suggesting that eccentric left ventricular hypertrophy did not 
influence the degree of correlation. 

All three left ventricular wall thickness to diameter ratios 
in our study had a statistically significant correlation (p < 
0.01) with peak systolic left ventricular pressure. This finding 
supports the concept that systolic wall stress remains constant 
in compensated aortic stenosis. As pointed out in our study, 
and in the recent review by Gaasch (Ref 4 of Aziz), the pre- 
dictive value of any of these ratios in an individual patient has 
limitations. For theoretical reasons, a diastolic ratio might be 
anticipated to correlate best with peak systolic left ventricular 
pressure. Although we initially expected this result, we were 
unable to confirm it. Using the systolic ratio, we were able to 
identify a group of patients with mild aortic valve stenosis who 
did not require surgery. A careful prospective analysis of these 
techniques is needed to establish their proper role in the 
clinical evaluation of children with congenital aortic valve 
stenosis. 


John L. Bass, MD 
Stanley Einzig, MD 
James H. Moller, MD 
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ECHOCARDIOGRAPHIC FEATURES OF PORCINE 
VALVE DYSFUNCTION 


Alam et al.! were able to record systolic or diastolic fluttering, 
or both, of the valve cusps in five patients with porcine mitral 
insufficiency. They describe this as a typical echocardio- 
graphic pattern of severe regurgitation due to a tear of one or 
more cusps. They also state that systolic fluttering of cusp 
echoes is never seen in patients with clinically normal porcine 
valves. 

We have examined 125 patients with porcine mitral valve 
prostheses? at a short interval after operation; none of these 
patients with clinically normal bioprostheses exhibited a 
systolic fluttering of cusp echoes. However, in two patients 
who manifested paravalvular leaks late after operation, 
echocardiographic examination showed a very coarse diastolic 
fluttering, in the absence of aortic regurgitation (Fig. 1). Both 
patients underwent operation, which demonstrated a major 
detachment of the valve with normal cusps. Moreover, the 
same pattern could be recorded in one patient after suture of 
the leak had yielded optimal clinical results and the systolic 
murmur had disappeared. We therefore do not agree that 
diastolic fluttering in itself is a typical diagnostic sign of a torn 
porcine valve cusp. 

In two additional patients with prosthetic valve regurgi- 
tation due to a torn cusp, the latter reflected quite chaotic 
echoes mimicking exactly those that can be recorded from flail 
native mitral valves. 

Gaja Jacovella, MD 
Caterina Narducci, MD 
Paolo G. Pino, MD 

Antonio Salati, MD 
Ospedale S. Camilla 
Dipartimento di Cardiologia 
Rome, Italy 
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Since our initial report, we used M mode echocardiography 
to study eight additional patients with severe mitral porcine 
valve insufficiency. Of these patients, one had paravalvular 
insufficiency and the other seven had insufficiency due to tear 
in one or more porcine cusps. The echocardiogram of the pa- 
tient with paravalvular leak was within normal limits; how- 


ever, that of all other seven patients showed systolic or dia- 
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echocardiogram from patient with paravalvular leak of a porcine mitral 
valve prosthesis. Note the diastolic coarse echoes of the cusps (arrow). 


FIGURE 1. M mode 


stolic fluttering, or both, of the porcine cusp. We believe that 
the diastolic fluttering of the porcine cusp is not specific for 
torn and regurgitant porcine mitral valve. Diastolic fluttering 
of the porcine cusp has also been reported in aortic insuffi- 
ciency. We have observed it in patients with atrial flutter- 
fibrillation and now Jacovella et al. have reported this finding 
in patients with paravalvular leak. Therefore, all these factors 
should be considered in the differential diagnosis of diastolic 
fluttering of the porcine valve. However, the presence of sys- 
tolic fluttering of the porcine valve, if present, remains very 
specific and suggestive of a torn and flail porcine mitral 
valve. 

Mohsin Alam, MD 

Division of Cardiovascular Diseases 

Henry Ford Hospital 

Detroit, Michigan 


MITRAL COMMISSUROTOMY —I 


The excellent review by Fowler and van der Bel-Kahn! on 
mitral valve surgery reiterates that mitral commissurotomy 
is the first choice in the surgical treatment of mitral stenosis 
for selected patients. This conclusion is supported by, among 
others, the excellent long-term results reported by Ellis et al.? 
in a large number of patients after closed mitral valve com- 
missurotomy. However, perioperative systemic embolization 
is a definite risk associated with closed mitral commissuro- 
tomy. Ellis and Harken? found that 89 (6 percent) of 1,500 
patients undergoing closed mitral commissurotomy had early 
systemic thromboembolism, with a fatality rate of 43 percent. 
Most of the emboli occurred within 12 hours of operation, 
often in the operating room. These early emboli usually came 
from detachment of mural atrial thrombi or calcified material 
in the mitral valve. Thus it is important to determine before 
surgery whether left atrial thrombi are present, which would 
then influence the surgeon to decide between closed and open 
commissurotomy. The criteria laid out by Fowler and van der 
Bel-Kahn! for the preoperative exclusion of left atrial thrombi 
(namely, the presence of sinus rhythm and the lack of history 
of systemic embolism) are useful, but by themselves not 
sufficient to exclude the presence of left atrial thrombosis. 
Forward pulmonary angiography looking for left atrial filling 
defects has been shown to be very insensitive.* We? recently 
found in a consecutive series of 20 patients with mitral stenosis 
studied with coronary arteriography that 5 had neovascular- 
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ization of the left atrium with the aberrant vessels arising from 
the left main or left circumflex coronary artery. All surgically 
treated patients with left atrial neovascularization in our series 
had left atrial thrombi proved at open heart surgery. This 25 
percent incidence rate of left atrial neovascularization 
suggesting left atrial thrombus matches the reported incidence 
of left atrial thrombi in mitral stenosis at surgery® and au- 
topsy.’ Our data therefore indicate that coronary arteriogra- 
phy with attention to the presence of left atrial neovascular- 
ization may be the most sensitive means for the preoperative 
diagnosis of left atrial thrombosis. We suggest that coronary 
arteriography should be performed in every patient with mi- 
tral stenosis who is considered a potential candidate for closed 
mitral commissurotomy based on the criteria of Fowler and 
van der Bel-Kahn. 


Raul E. Falicov, MD, FACC 
Anthony Bochna, MD 

Cardiac Catheterization Laboratory 
Christ Hospital of the 

Evangelical Hospital Association 
Oak Lawn, Illinois 
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MITRAL COMMISSUROTOMY —II 


We are concerned about the comments of Fowler and van der 
Bel-Kahn regarding patient selection for commissurotomy. 
We agree that patients should have a pliable valve (often in- 
dicated by a loud first heart sound and opening snap as well 
as a characteristic movement on angiocardiography) and 
should not have severe calcification or significant mitral 
regurgitation. However, we see no need to limit this low risk 
operation to patients with sinus rhythm, no systemic embo- 
lism, or even absence of other major valve dysfunction. Re- 
placement of the aortic valve in conjunction with an open 
mitral commissurotomy can be done with less risk than double 
valve replacement and with less subsequent risk of throm- 
boembolism or deterioration of a prosthetic mitral valve. Of 
even greater importance is the use of isolated open mitral 
commissurotomy for patients with noncalcific mitral stenosis 
even when they have atrial fibrillation or have had a history 
of systemic embolism. 

With cardiopulmonary bypass, thrombi can be removed 
from the left atrium with ease and a better mitral commissu- 
rotomy can be performed than with the closed technique. The 
risk of subsequent embolism seems to be significantly less with 
preservation of the mitral valve rather than with a prosthetic 
valve as well as having a significantly lesser operative mor- 
tality from commissurotomy than from mitral valve replace- 
ment. Admittedly, closed mitral commissurotomy seems 
unwise in patients with known systemic embolism or in cases 
where left atrial thrombi might be suspected. Since open mi- 
tral commissurotomy became the accepted approach here at 
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the Texas Heart Institute 15 years ago, the rate of risk fid 
been low (2.1 percent in 903 cases) in comparison with an av- 
erage risk rate of 5 percent from mitral valve replacement (2. 4, 
5, 6 and 7.5 percent as mentioned by Fowler and van der 
Bel-Kahn). Many of these patients had previous operations 
with closed mitral commissurotomy elsewhere. 
Everett C. Price, MD, FACC 
Denton A. Cooley, MD, FACC 
Price Cardiology Associates 
Texas Heart Institute 
Houston, Texas 
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We agree that it is desirable to evaluate the possibility of left 
atrial thrombi in patients with mitral stenosis who are to have 
commissurotomy. In addition to the history of embolism, and 
the existence of atrial fibrillation, other methods of study may 
be useful. One of these is radiologic contrast study of the left 
atrium. Echocardiography! has been used to identify left 
atrial thrombi. Coronary arteriography, as described by Fal- 
icov and Bochna, offers yet another method to diagnose in- 
tracardiac thrombi. Unfortunately, soft, unorganized, recently 
formed thrombi, the most dangerous for embolism, are un- 
likely to show the neovascularization described by Falicov and 
Bochna. Although we can only make an estimate with regard 
to the evolution of left atrial thrombi, in the case of intravas- 
cular thrombi, gross evidence of adherence between the 
thrombus and a vessel wall is rarely noted before the 4th or 
5th day.? When there is severe damage to the vessel or heart 
chamber wall, overlying thrombi may fail to organize, but 
remain as a potential source of emboli for years. Falicov and 
Bochna's series of 20 patients is small. The risk of emboli 
during closed commissurotomy is 4 to 6 percent^; thus, more 
patients should be studied in order to determine the merit of 
this proposal. We await with interest further reports of a larger 
series. 

The report of Price and Cooley of a mortality rate of 2.1 
percent in 903 cases of open mitral commissurotomy compares 
very favorably with Glenn's reported mortality ratet of 3.8 
percent in 500 cases of closed mitral commissurotomy in a 
much older series. However, Glenn now reports (personal 
communication) no operative fatality with closed commis- 
surotomy during the last 20 years. Further, there were only 
2 deaths from systemic arterial embolism in Glenn's first 500 
cases of closed commissurotomy. One of the greatest dif- 
ficulties in comparing mortality experiences in different in- 
stitutions is that one group may be operating on patients with 
milder or earlier mitral disease, a group in whom a lower death 
rate is to be expected. We would welcome a controlled clinical 
trial to compare open and closed mitral commissurotomy, but 
doubt that such a study will be forthcoming. À comparison of 
long-term results after open or closed commissurotomy in 
addition to immediate mortality rates is badly needed. 

Noble O. Fowler, MD, FACC 
Johanna M. van der Bel-Kahn, MD 
Division of Cardiology 
Department of Pathology 
University of Cincinnati 

College of Medicine 

Cincinnati, Ohio 
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CORONARY ARTERY DISEASE, LEFT VENTRICULAR 
DYSFUNCTION AND AORTIC VALVE REPLACEMENT 


The conclusion of Thompson et al.! that poor left ventricular 
function does not increase the risk of aortic valve replacement 
for aortic stenosis is, in general, well supported but should be 
qualified with respect to the severity of left ventricular dys- 
function and the presence of coronary artery disease. In their 
group with subnormal left ventricular function before oper- 
ation the lowest ejection fraction was 0.18, and at least half 
the patients appear to have had an ejection fraction greater 
than 0.30. We? reported on a series of 12 patients receiving 
aortic valve replacement for aortic stenosis, all with extreme 
left ventricular dysfunction (mean ejection fraction 0.13; range 
«0 to 0.20). Of five with coronary disease (all with aortocor- 
onary bypass grafts), four died during or shortly after opera- 
tion, three clearly because of continued left ventricular failure, 
whereas all seven without coronary disease survived operation 


- with gratifying clinical improvement and increase of left 


ventricular ejection fraction toward normal. 

We concluded that in the absence of coronary disease even 
the most extreme left ventricular dysfunction can be reversed 
by replacement of the stenotic aortic valve but that the pres- 
ence of coronary disease accompanying advanced left ven- 
tricular dysfunction presents a significant barrier to successful 
surgical outcome. It is important for patient management that 
the principle that left ventricular dysfunction attributable to 
aortic stenosis is always reversible be widely disseminated. It 
is equally important that the influence of coronary disease at 
the extreme of left ventricular dysfunction be recognized. 

Robert P. Croke, MD, FACC 
Roque Pifarre, MD, FACC 
Henry Sullivan, MD, FACC 
Rolf M. Gunnar, MD, FACC 
Henry S. Loeb, MD, FACC 
Veterans Administration 
Edward Hines, Jr. Hospital 
Hines, Illinois 
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ECHOCARDIOGRAPHIC SELECTION OF PATIENTS 
WITH CHRONIC HEART FAILURE FOR 
VASODILATOR THERAPY 


We agree with Packer et al.! that the various vasodilating 
drugs must be used with more caution in patients with re- 
fractory chronic heart failure and that a screening test for 
selecting patients and choosing an individual vasodilator 
would be very useful. We have had a good experience with 
echocardiography as a screening method for predicting he- 
modynamic response to different vasodilator drugs in our 
patients.? Baseline hemodynamic variables were calculated 


f from tre left ventricular chamber dimensions, after which the 
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FIGURE 1. Response of ejection fraction to nitroglycerin (NTG) test in 34 patients. 
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hemodynamic response on the test dose of vasodilator with 
different mechanisms of action—on preload, afterload, or 
both—was evaluated. The response was nonuniform and 
unpredictable: Some patients showed a favorable hemody- 
namic reaction, some did not react at all, while in a few the 
hemodynamic status deteriorated. With this screening pro- 
cedure we could predict the hemodynamic response in an in- 
dividual patient with chronic heart failure during treatment 
with vasodilator drugs and select the vasodilator with the best 
effect on cardiac performance in an individual patient. Our 
initial experience with long-term treatment with vasodilators 
in previously tested patients confirms the value of this pro- 
cedure. 

Figure 1 shows the influence of the nitroglycerin test (5 to 
10 mg sublingual nitroglycerin) on basal ejection fraction in 
34 patients with chronic heart failure. Two groups of patients 
were evident: In the first group of 23 patients the ejection 
fraction was significantly increased; in the other 11 it declined 
or did not alter. Thus, only patients in the first group would 
be candidates for therapy with nitroglycerin. When vasodi- 
lators with other mechanisms of action were tested, similar 
nonuniform results were obtained. We find this method a 
simple, noninvasive and rapid screening test for selecting 
patients with chronic heart failure for vasodilator therapy. 
Therefore we propose that it should be used as a routine test 
before vasodilator therapy is started. 

Ivo Čikeš, MD 

Institute of Cardiovascular 
Diseases 

Medical Faculty 
University of Zagreb 
Zagreb, Yugoslavia 
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PEAK LEFT VENTRICULAR SYSTOLIC PRESSURE/ 
END-SYSTOLIC VOLUME RATIO 
Nivatpumin et al.! propose that an index equal to the ratio left _ 


ventricular peak pressure/left ventricular end-systolic volume 
can be used to detect left ventricular disease. This ratio, which 


* 
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we term here Mo’, is related to another index they call Emax. 
However, their definition of Emax differs essentially from the 
Emax advanced earlier,?-* which is also equal to the ratio left 
ventricular end-systolic pressure/end-systolic volume, but in 
which end-systolic volume requires a correction factor termed 
Vd, introduced? to attain quasilinearity of Emax. Thus de- 
fined, Emax is claimed to be an index of contractility.24 While 
neglecting Vd, the authors justify use of the term Emax by 
referring to a statement by Suga and Sagawa? describing the 
introduction of exactly this correction term Vd. Grossman et 
al.* showed that the individual values of Vd differ consider- 
ably, ranging from —40 to 125 ml/m? in their patients. Thus, 
the Emax of Nivatpumin et al. differs considerably from the 
one in vogue since 1974, and we suggest here the term Mo in- 
stead. 

With use of this terminology, it can be stated that the au- 
thors in fact examined the interrelations among ejection 
fraction and Mo and Mo’. In brief, they arrived at the fol- 
lowing conclusions: 

1. Mo' can be used instead of Mo when analyzing cardiac 
performance. Their study indicates no preference related to 
sensitivity, but points to the practical advantage of using left 
ventricular peak pressure before rather than end-systolic 
pressure during angiography. However, the authors did not 
prove that Mo' is a general detector of left ventricular disease 
because patients with asynergy, for example, were purposely 
excluded from their study. 

2. Mo correlates excellently (r = 0.99) with the index Mo’, 
a finding resulting from linear regression analysis of 50 of 150 
patients studied. However, there is no evidence to deny such 
a fairly linear relation between Mo’ and Mo, and their re- 
gression equation merely indicates that left ventricular peak 
pressure averages about 10 percent higher than left ventricular 
end-systolic pressure. Essentially, the authors divided each 
pair of left ventricular peak and end-systolic pressures by the 
same constant, namely, the prevailing value for end-systolic 
volume. Similar results can be obtained from equivalent 
studies employing data that have been widely published. 

3. Mo’ is more sensitive than ejection fraction in detecting 
subtle changes in myocardial function in human beings. This 
statement seems to be strongly related to the curvilinear be- 
havior of the relation between both indexes as presented by 
the authors in their Figures 3 and 4. 

However, the validity and extent of this statement depends 
critically on the power of Mo or Mo’ as an index of cardiac 
performance. The authors did not determine Emax of Suga 
and Sagawa, but analysis of the data of Grossman et al.* yields 
the following linear regression line: Mo’ = 1.02 + 0.29 Emax 
with a poor correlation coefficient (r = 0.49; n = 17). Thus, 
because neither Mo nor Mo’ is unambiguously related to the 
Emax of Suga and Sagawa, the authors provide no rationale 
as to whether these quantities are indexes of contractility. 
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Also, in general, one cannot term a certain index X a sensittv® 
indicator of left ventricular disease once it has been illustrated 
that X is not simply linearly related to ejection fraction but* 
instead may present different values while ejection fraction 
remains rather constant. 
Peter L. M. Kerkhof, MS 
Jan Baan, PhD 
Department of Pediatrics 
University Hospital 
Leiden, The Netherlands 
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MINGOLSHEIM, GERMANY, BIRTHPLACE OF ADAM 
HAMMER (CORONARY THROMBOSIS), ADOLF 
KUSSMAUL (PERIARTERITIS NODOSA) and EDGAR 
von GIERKE (GLYCOGEN STORAGE DISEASE) 


After the publication of my article paying tribute to Adam 
Hammer’s contribution to the clinical entity of coronary 
thrombosis,! Prof. Dr. E. Zeh of the University of Freiburg, . 
West Germany, wrote to point out an error in the spelling of 
Hammer's birthplace. For the sake of accuracy, this error 
should be brought to the attention of our readers. 

According to Prof. Zeh, Mingolsheim, not Mingalsheim, is 
a small township, located approximately halfway between 
Heidelberg and Karlsruhe. Mingolsheim was also the birth- 
place of two other notable figures in medicine: Adolf Kussmaul 
of periarteritis nodosa fame,? and Edgar Otto Conrad von 
Gierke, who first described the entity of glycogen storage 
disease 50 years ago. 


J. T. Lie, MD, FACC 
Mayo Clinic and Mayo Foundation 
Rochester, Minnesota 
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Reflections and Projections 








Robert O. Brandenburg, MD, FACC 


One attending a European Congress of 
Cardiology for the first time is met by a 
host of new sights and sounds. This Con- 
gress was held in the beautiful new facil- 
ities of the Palas de Congrès with 11 dif- 
ferent sessions going on simultaneously 
during most of the 4 days of the meeting. 
The facilities were superb and the trans- 
lation by interpreters was, in general, very 
adequate. European friends and col- 
leagues indicated that this program was 
the best organized and the highest quality 
of any European Congress to date. This 
was stated in spite of the occasional 
presentation of doubtful quality related to 
some of the geopolitical aspects of every 
Congress. 

The opening ceremony in the large 
auditorium was very impressive. It began 
with a 1 hour audiovisual presentation of 
the history of France. This was projected 
on a massive screen with multiple pro- 
jections and a superb musical, as well as 
verbal, background. It was followed by the 
introduction of the Officers of the Con- 


gress and responses by some of them. 
Then on the huge stage immediately be- 
hind the presiding officers, a spectacular 
water show was presented. This was ac- 
complished by an extensive fountain ar- 
rangement with colored lights, and the 
fountain music synchronized to sym- 
phonic music. At the termination of the 
fountain show there was a tremendous 
burst of applause and the comment from 
a friend, "that's the first time I’ve ever 
seen water applauded.” 

One of the interesting and unique por- 
tions of the scientific program was given 
on two half-days and entitled “Reflections 
and Projections." All presentors in this 
program were from the United States. 
Some chose to present a scientific paper 
on a current subject of interest; others 
elected to reflect on the changes of the 
past three decades and their effects on 
current and future practices in cardio- 
vascular disease. Concern was ex- 
pressed, and properly so, regarding the 
effects of increased technology on the 
patient-physician relation. A plea was 
made for enhancing the communication 
between the patient and the physician. 
This can be accomplished only by will- 
ingness to listen, humility, compassion 
and honesty in responding to patients' 
problems. The frequency with which we 
are hearing these pleas is an indication of 
how serious the communication problem 
between patient and physician has be- 
come. 

A review of diagnostic modalities of the 
1950s and 1960s was contrasted with 
those of the 1970s and disclosed an im- 
pressive shift from invasive methods to 
noninvasive imaging or a combination of 
invasive and noninvasive imaging. Nuclear 
imaging and echocardiography will un- 
doubtedly continue their rapid improve- 
ment, eventually allowing accurate cali- 
bration of abnormalities. At the moment, 
nuclear imaging is superior for the dem- 
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onstration of regional wall abnormalities 
and the determination of ejection fraction. 
In most other respects, involving valve 
disease, congenital heart disease, infec- 
tive endocarditis, tumors and thrombi 
within the heart and pericardial effusion, 
echocardiography is superior. The even- 
tual role of the remarkable new instrument 
entitled DSR, for ‘Dynamic Spacial Re- 
construction,” is yet to be determined, but 
it has attributes making it of great potential 
value in both cardiac and pulmonary dis- 
ease. It was noted that in the 1960s and 
1970s cardiac catheterization and an- 
giocardiography were the "gold stan- 
dards” for diagnostic modalities. It was 
suggested that in the 1980s one of the 
noninvasive imaging techniques, or per- 
haps a combination, will be the new gold 
standard. In my presentation | suggested 
the enhancement of noninvasive imaging 
in the next few decades would result in the 
practice of cardiology becoming largely 
outpatient in type with most diagnostic 
procedures performed on an outpatient 
basis and cardiac hospital service being 
limited largely to intensive medical and 
surgical units. These changes would have 
an impact on teaching, needs for hospital 
beds and the potential for further sepa- 
rating cardiologists into hospital-based 
and nonhospital-based physicians. 

As would be expected, the longer and 
greater experience with calcium antago- 
nists of European cardiologists was re- 
flected in the 25 presentations dealing 
with this subject. Fourteen presentations 
dealt with calcium blocking agents in 
myocardial ischemia, with 4 papers de- 
voted to rhythm disturbances, 4 to hy- 
pertrophic cardiomyopathy and 3 to ven- 
tricular function or congestive heart fail- 
ure. The longer and greater experience 
with beta adrenergic blockade was also 
evidenced by the 29 presentations in this 
area. It was of interest that there were 
twice as many presentations devoted to 





echocardiography (43) as to nuclear 
imaging (22). 

It was apparent from this Congress that 
the problems occupying the attention of 
European cardiolocists are similar to our 
own. It was also clear that conversation 
in the halls of the Congress and at social 


gatherings with old and new friends con- 
stituted a most important aspect of the 
meeting (despite the lack of Gontinuing 
Medical Education credit). This type of 
informal, friendly exchange may be of 
greater benefit than many hours of the 
formal program. 


We are hopeful that many of our Eurb* ` 
pean colleagues will be in attendance and 
participate in the next annual meeting of | 
the College in San Francisco. 

Robert O. Brandenburg, MD, FACC 
President 
American College of Cardiology 








John Samuel LaDue, MD, FACC 


JOHN SAMUEL LaDUE, MD, FACC 
12th President, American College of Cardiology 


Dr. John Samuel LaDue, 12th President of 
the College, died on April 18, 1980. He 
was a tireless medical investigator and 
administrator best known for his original 
work in the triglycerides. He was a clinical 
professor at Cornell University and had 
held teaching fellowships in Minnesota, 
where he received an MS in Medicine and 
a PhD. His long list of awards includes the 
Hektoen medal from the American Medi- 
cal Association, the Alfred P. Sloane 
medal and the Cummings Humanitarian 
Award of the College. 

Born in Minot, North Dakota 68 years 
ago, he received his MD degree from 


30th ANNUAL SCIENTIFIC SESSION 


Harvard in 1936. He strongly favored in- 
stitutions where highly trained physicians 
could combine clinical assignments with 
research and teaching. This was the pat- 
tern of his life and it was in many ways 
richly rewarded. At the time of his death 
he was an active director and attending 


cardiologist at St. Barnabas and Doctor's 
Hospitals in New York City as well as on 


the teaching faculty of Cornell Medical 


School. He was an Honorary Trustee of 


our College. 


PHILIP REICHERT, MD, FACC 
Historian of the College 
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AMERICAN COLLEGE OF CARDIOLOGY 


San Francisco, California March 15-19, 1981 


e Abstracts 
Entries must be postmarked no later than September 15, 1980 


e Technical Exhibits 
Deadline for requests for space: October 6, 1980 


e Scientific Exhibits 
Deadline for requests for space: October 6, 1980 


e Young Investigators’ Awards Competition 
Entries must be postmarked no later than November 3, 1980 


For application forms, write Sara Elliott, Director, Annual Scientific Session Department, American College of Car- 
diology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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‘CALENDAR OF EXTRAMURAL PROGRAMS 


‘ 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 


— heart disease. The need for such programs 


increases with the ever increasing amount of 


- scientific and clinical data, the constant 


changes in technology and methodclogy, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 


. their professional reading by direct contact 
with the authors, research workers and leaders 


in the field. 
To solve these problems the Committee 


.. selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the Continuing 
Education Committee for Extramural Programs 
assumes the overall responsibility for the 
caliber of the postgraduate education and the 
relevance to the practice of cardiology. This 
is accomplished by the processes of meticu- 
lous scrutiny of the objectives, analysis of the 
educational methods, and studying the impact 
of each course on the knowledge and attitudes 


~ i ee S n 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The Continuing Education Committee 
for Extramural Programs of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 


- College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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SEPTEMBER THROUGH DECEMBER 1980 





= To be Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 
ally 
- Tobe Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director. Buffalo Gen- 
individu- eral Hospital, Buffalo, NY ` 
ally 
SEPT. Advanced Echocardiography. Harvey 
15-17 Feigenbaum, FACC, director and Betty 
: C. Corya, James C. Dillon, FACC and 
Randall L. Caldwell, FACC, co-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 
. SEPT Mechanisms and Therapy of Cardiac 


"T Ww , 
VLA. As 
A 


UTR mun 
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29- Arrhythmias. Leonard S. Dreifus, FACC 


OCT. and Yoshio Watanabe, FACC, co-di- 
2 rectors. Philadelphia Marriott Motor 
Hotel, Philadelphia, PA 
. OCT. Can the Natural History of Coronary 
3-5 Artery Disease Be Altered? Recent 
Progress and Future Directions in 
Medical and Surgical Therapy. Richard 
F.. Miller, FACC, director and Michael E. 
DeBakey, FACC and Antonio M. Gotto, 
Jr., FACC, co-directors. Galleria Plaza, 
Houston, TX 
OCT. Electrocardiography: Core Curriculum 
6-9 and Self-Assessment. Paul L. McHenry, 
- - : P 
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FACC, director and Charles Fisch, 
FACC, co-director. Hilton at the Circle, 


Indianapolis, IN 

OCT. New Techniques and Concepts in 

23-25 Cardiology. Coronary Artery Disease: 
Vasodilators, Calcium Antagonists, 
Balloon Dilatation, Non-invasive Di- 
agnosis; Valvular Heart Disease; Hy- 
pertrophic Cardiomyopathy. Stephen 
E. Epstein, FACC, director. Hyatt Re- 
gency Hotel, Washington, DC 

OCT. Clinical Decisions in Cardiac Surgery. 

23-25 Stanley K. Brockman, FACC, Albert N. 
Brest, FACC and William S. Frankl, 
FACC, directors. Fairmont Hotel, Phila- 
delphia, PA 

OCT. Fourth Annual Seminar. Cardiology 

30- Update 1980. William W. Parmley, 

NOV. FACC, director. De! Monte Hyatt House, 

1 Monterey, CA 

NOV. Cardiac Pacing. Doris J. W. Escher, 

5-7 FACC and Seymour Furman, FACC, di- 
rectors. The New York Hilton, New York, 
NY 

NOV. Advances in Heart Disease 1981. Dean 


29- T. Mason, FACC, director. Fairmont 
Hotel, San Francisco, CA 
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Two-Dimensional Echocardiography 
4-6 vs. Cardiac Nuclear Imaging. Joel 
Morganroth, FACC, director and Leonard 
S. Dreifus, FACC and Gerald M. Pohost, 
FACC, co-directors. The Franklin Plaza 
Hotel, Philadelphia, PA 


DEC. Coronary, Hypertensive, Valvular and 
7-10 Myocardial Heart Diseases: The 
Multi-Disciplinary William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg, VA 
DEC. Cardiovascular Disease: Achlevements 
12-14 and Challenges 1980. Henry |. Russek, 


FACC, director, Sheraton Centre, New 
York, NY I 
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LEARNING CENTER: PROGRAM CALENDAR 
The American College of Cardiology's Learning Center is located at For additional information or a complete program calendar, contact the 
the College's headquarters in Bethesda, Maryland. The purpose of the Program Registrar, Heart House Learning Center, American College 
Learning Center is to support professional commitment to quality patient of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
s, care by providing a standard of excellence in continuing medical edu- Telephone (301) 897-5400. 
cation. e 
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Month/Dates Program Director Title of Program 
Sept. 15-16 Douglas P. Zipes, MD Pacing Frontiers; Physiological Pacing and Arrhythmia Control 
Sept. 22-24 Sylvan Lee Weinberg, MD Cardiology Update for CCU and Critical Care Nurses 
Sept. 29, 30, Oct. 1 Max Harry Weil, MD Emergency Management of Cardiovascular Crises 
Oct. 8-10 William W. Parmley, MD Update in Noninvasive Procedures for the Evaluation of Cardiac Disorders 
Oct. 15-17 Arthur D. Hagan, MD Update in Cardiovascular Techniques and Principles for the Technologist 
™ Oct. 20-21 Joseph K. Perloff, MD and Functional Anatomy of Heart Disease: Clinician and Pathologist 
K William C. Roberts, MD 


Oct. 29-31 Robert S. Eliot, MD Clinical Cardiology: Impact of Behavior, Lifestyle and Emotional Stress 











CARDIOLOGY ADVISORY COMMITTEE 

The purpose of this announcement is to remind the cardiology community of one important 
method of providing input to the National Heart, Lung, and Blood Institute. 

The Cardiology Advisory Committee was established in 1974 and consists of members ap- 
pointed by the Director, NIH, for overlapping terms of four years. The committee meets three 
times a year. The committee advises the Directors of NIH, NHLBI, and the Division of Heart and 
Vascular Diseases on planning, execution, and evaluation of the Institute's extramural programs 
including those relating to grants, contracts, and specialized centers of research (SCOR) in the 
general area of cardiology. The committee advises and assists in the design and review of current 

























À. programs in the areas of cardiac disease, cardiovascular function, as well as relevant devices 
| and technological developments. 

Since its inception, the committee has welcomed suggestions from the scientific community 
in the general areas listed above. Suggestions regarding new initiatives or ongoing programs 
should be directed to: 

Dr. Barbara Packard, Executive Secretary 
Cardiology Advisory Committee 
Associate Director for Cardiology 
Division of Heart and Vascular Diseases 
National Heart, Lung, and Blood Institute 
Bethesda, Maryland 20205 

The committee does, not participate in the review of research grants or contracts. 

Stanley A. Briller Josephine B. Isabel-Jones William W. Parmley 

Bernadine H. Bulkley Gerard A. Kaiser Bramah N. Singh 

Charles K. Francis, Jr. Alexander F. Metherell William S. Pierce, Chairman 
X William B. Hood, Jr. C. Kay Millar 
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_ INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


_ THE WHOLE PAPER 
=e Address manuscript to Managing Editor, 


American Journal of Cardiology, 666 Fifth 


= Ave., New York, NY 10019. 


i Je Submit two copies of all elements of the 


article: text, references, legends, tables and 


figures. 
. œ Arrange the paper in this order: (1) title 
- page; (2) abstract; (3) text; (4) references; (5) 


. legends; (6) tables; and (7) figures. 


e Number all pages in above sequence, be- 


ginning with title page as 1, abstract as 2, 


etc. 

e Type all matter: (1) on 8'/ X 11 opaque 
white bond paper; (2) in duplicate; (3) on one 
side of each sheet only; (4) double-space; (5) 
leave wide margins, all four sides. 


J THE TITLE PAGE 


- e Include first names, degrees and, where 


applicable, FACC for all authors. 
=œ Provide a short running title of 3 to 6 


|. words. 


; .. * Insert at bottom: name and address of in- 
stitution from which work originated plus in- 
_ formation about grants. 


e Add at bottom the phrase ‘Address for re- 


prints: . . ." followed by full name and address 
— with zip code. 


_ THE ABSTRACT 
— @ Limit words as follows: 100 to 250 words for 


major articles; 50 to 100 words for case re- 


|. ports. 
. e Add at end of abstract: list of 2 to 6 key 


- . words and subjects for indexing. 


pe 





THE TEXT 
e Type in duplicate; double-space. 


— e Do not use abbreviations such as SVC, 


WPW: write out superior vena cava, Wolff- 
Parkinson-White. 

e Abbreviate measurements (mm, kcal and 
the like) as recommended in Uniform Re- 
quirements for Manuscripts Submitted to 
Biomedical Journals, published in Am Rev 
Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med J 1979; 1:532-5; and 


p" 1:428-30. 
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are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in which 
they are mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. Indicate all abstracts 
by the abbreviation (abstr). 

e Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


E EEEO Na UTENTE UI TUTTI mnn 


e Give each table a number (in roman nu- 
merals: Table |, Il, etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. 

e Provide a footnote to each table—identi- 
fying in alphabetical order all abbreviations 
used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) of each 
photo and drawing. 

e Please note that art work of published arti- 
cles will not be returned. 

e Use black ink for all charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

e Use arrows to designate special features. 
e Crop photomicrographs to show only es- 
sential field. 

e identify figures on back by number and au- 
thor's name. 

e Number figures in order in which they are 
mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 

e Limit figures to number necessary for clar- 
ity. The publisher allows a limited sum toward 


reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors (if there are 7 or more, list 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 1977; 39:1027-34. 


(Author: please note that no periods are used after authors initials) 


For chapter in book: 


28. . Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss AJ, 
Adams F, eds. Heart Disease in Infants. Children and Adolescents. Baltimore: Williams & 


Wilkins, 1968:134-9. 
For books (personal author or authors): 


36. Berne E. Principles of Group Treatment. New York: Oxford University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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What happens when they both need it? 


Does your hospital have 
enough defibrillator/monitors? 

In a building full of sick people, 
it is by no means unusual to experi- 
encean urgent need for more than 
one defibrillator/monitor at any 
given moment. It is quite possible 
for cardiac emergency to strike any 
room, any floor, any time. And 
when it does, you want to be able 
to respond as rapidly as possible, 
without jeopardizing the safety 
of any other patient, without 
compromising the ability of any 
other department to deal with 
cardiac emergency. 


Only Physio-Control 


makes the Lifepak? 





The time to make sure you're 
adequately equipped is now. One 
of our representatives will be happy 
to help you survey your need for 
acute cardiac care systems. We ve 
said it before and we'll say it again: 
we dont wish to sell you a single 
unit more than you actually need. 
But we also don't think 
you should try to 
get by with a single 
unit less. 





Does your 
hospital have Lo 
enough defibril- à | 
lator/monitors? ( ’ 








Physio-Control is the world leader in acute cardiac care systems. 11811 Willows Road, Redmond, Washington 98052 U.S.A. 
» (206) 881-4000/U.S. Telex: 320268, International Telex: 320166. Lifepak and Physio-Control are registered trademarks. 





ui 
H 


" 


TUM 


m 


TUE 


x 


n 


m H 
i) as 


ry 


"- 


= 

F 
e 
RS 


; 


rupees PpO 


E 





i: Diagnostic 
ynergy 


Real-time plus M-mode in hard copy. 











Made possible by unique digital electronics. Making our Mark Ill an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 

Doctor and system interact. Segments of the study may be dealt with and 

> perfected without disturbing the whole. Adequate data is obtainable during the first 
patient examination, saving valuable time. Serial studies are assured consistent data. 

Graphics or alphanumerics can be super-imposed. Unique with the Mark Ill, voice can be recorded 

during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 


from within. State-of-the-need today, the system will grow with your needs 











and new technology. It's what the world is coming to. And, more and ca 
Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 


more, the world is coming to ATL for advanced instrumentation. 
* WA. 98005 (206) 641-5410. ultrasoun 
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Diulo (metolazone) 70 mg 
Indicated for use in 
chronic CHF 


In acute pulmonary edema, dramatic volume 
depletion is desirable. That's why agents capable of 
producing profound diuresis within a few hours are 
indicated. But where smooth, prolonged effect is 
desirable — as in patients with chronic CHE whether 
they be bedridden and elderly, ambulatory, or have low 
GFRs — a single, oral, therapeutic dose of Diulo 
produces effective natriuresis for up to 24 hours. 

With Diulo 10 mg, your patient with chronic CHF 
benefits from effective diuretic action. But unlike those 
receiving more potent diuretics, patients receiving 
Diulo are not "wrung out" in two or three hours. 

Although the conditions of some patients can be 
adequately controlled with a 5-mg dose of Diulo, one 
10-mg tablet daily can provide effective diuresis around 
the clock in your patients with CHE including those 
with paroxysmal nocturnal dyspnea. 


DIULO™ (metolazone) 25-mg., 5-mg. and 10-mg. tablets Before 
prescribing, see complete prescribing information. The following is 
a brief summary: Indications: Diulo (metolazone) is an antihyper- 
tensive diuretic indicated for the management of mild to moderate 
essential hypertension as sole therapeutic agent and in the more 
severe forms of hypertension in conjunction with other antihyper- 
tensive agents. Also, edema associated with heart failure and renal 
disease. Contraindications: Anuria, hepatic coma or precoma; 
allergy or sensitivity to metolazone. Warnings: In theory, cross- 
allergy may occur in patients allergic to sidonar deer iet drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particu- 
lar hazard in digitalized patients; dangerous or fatal arrhythmias 
may occur. Azotemia and hyperuricemia may be noted or precipi- 
tated. Considerable potentiation may occur when given concur- 
rently with furosemide. When added to other antihypertensives, the 
dosage of the other agents should be reduced. Use with potassium- 
sparing diuretics may cause potassium retention and hyperkalemia. 
Administration to pregnant women or those of childbearing age 
requires that potential benefits be weighed against possible hazards 
to the fetus. Metolazone appears in the breast milk. Not recom- 
mended for pediatric use. Precautions: Perform periodic examina- 
tion of serum electrolytes, BUN, uric acid, and glucose. Observe 
patients for signs of fluid or electrolyte imbalance, hyponatremia, 
hypochloremic alkalosis and hypokalemia. These determinations 
are particularly important when there is excessive vomiting or 
diarrhea, or when parenteral fluids are administered. Patients 
treated with diuretics or corticosteroids are susceptible to potas- 
sium depletion. Caution should be observed when administering to 
patients with gout or hyperuricemia or those with severely impaired 
renal function. Insulin requirements may be affected in diabetics, 
and hyperglycemia and glycosuria may occur in latent diabetes. 
Chloride deficit and hypochloremic alkalosis may occur. Orthostatic 
hypotension may occur. Dilutional hyponatremia may occur. 
Adverse Reactions: Constipation, nausea, vomiting, anorexia, 
diarrhea, bloating, epigastric distress, intrahepatic cholestatic jaun- 
dice, hepatitis, syncope, dizziness, drowsiness, vertigo, headache, 
orthostatic hypotension, excessive volume depletion, hemoconcen- 
tration, venous thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, hypokalemia, hypo- 
natremia, hypochloremia, hypochloremic alkalosis, hyperuricemia, 
hyperglycemia, glycosuria, raised BUN or creatinine, fatigue, muscle 
cramps or spasm, weakness, restlessness, chills, and acute gouty at- 
tacks. Usual Initial Once-Daily Dosages: Mild to moderate essential 
hypertension — 25 to 5 mg.; edema of cardiac failure — 5 to 10 mg.; 
edema of renal disease — 5 to 20 mg. Dosage adjustment is usually 
necessary during the course of therapy. How Supplied: Tablets, 
27, 5 and 10 mg.; in bottles of 100 and 500, and cartons of 100 unit- 


dose individually blister-sealed tablets. iw 
SEA R Searle Laboratories ~ 
Division of Searle Pharmaceuticals Inc. 


Box 5110, Chicago, Illinois 60680 — oca 


ing to Daig 


With its complete 
line of Pacing Leads, 
Accessories and, now 


PACEMAKERS 
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Daig Corporation...the world leader in pacing lead 
products, now brings a new name to Medcor, Inc. — 
DAIG/MEDCOR. Separately, both companies have 
enjoyed the prestige within the medical industry as 
manufacturers of reliable, well-engineered products 
of the highest quality. 


Together, DAIG/MEDCOR supports this reputation 
by renewing its commitment to provide leadership 
and uphold its history as an industry innovator in 
pacing technology. 


And...DAIG CORPORATION, will continue its com- 
mitment to the development and improvement of 
cardiac pacing leads and accessories for the world 
pacemaker market. 


Daig/Medcor Lithicron II 400 Series Demang 
Pulse Generators. Our proven circuitry and 
reliable lithium power source are backed by eight 
years of clinical history, resulting in a thin, light- 
weight, and long-lasting pacemaker. In both uni- 
polar and bipolar configurations, this Lithicron Il 
Series includes our new Collet Connector designed 
to improve lead holding power while eliminating 
the possibility of terminal pin distortion. 


Lithicron 500 Series Programmable Pulse 

Generators. Affords total pacing versatility in an 

easy-to-program format. Real-time telemetry, 
electronically coded programming, and state-of- 
the-art hybrid circuitry provide a simple, safe, 
and reliable pacing system. 


ALL DAIG/MEDCOR Pulse Generators are back: 
ed by a Lifetime Replacement Credit Agreement. 


Daig/Medcor Transtelephonic Follow-Up 
Receiver and Transmitters. Provides a fast, ac- 
curate evaluation of your patient's condition any- 
where in the world. 


Daig/Medcor Pacemaker Programmer. A light- 
weight, easy-to-use unit displaying real-time 
telemetry reading of pacer rate, pulse width, and in- 
stant confirmation that the pacer has responded to 
commands. 
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~<DAIG CORPORATION'S full line of permanent and 

“temporary pacing leads and accessories has proven 
superior in Clinical tests and is compatible with the 
majority of today’s unipolar 


and bipolar pulse 


generators, 


An Innovative 
Change of Pace 


DAIG [> 
> 


EN Ve 
CORPORATION 

5100 Thimsen Avenue — 
Minnetonka, Minnesota 55343 
For more information about 
our products, write or call 
either Company’s Marketing 
Department. Call toll-free 
800-328-3650 or 
612-474-0961. 
TWX 910-576-1780 


€ answers. 


Endocardial Screw-in-Lead. Screwed into the 
right ventricle, or atrium, offering a much wide: 


choice of location sites than other leads. 


Tined and Wedge-Tip Endocardial Leads. Pro 
vides secure ventricular pacing lead placement. 
Ihe platinum/iridium ring-tip electrode ensures 
low pacing thresholds and pacemaker longevity. 


Myocardial Sutureless Leads. Our newly improved 
Cam-Loc'™ Introducer maximizes patient safety 
and ease of handling. 

Temporary Pacing Leads. With a unique fixed 
bifurcation and cannula storage system ensuring 
reliability and efficiency. 

Littleford/Spector Introducer. For rapid introduc 
tion of a wide variety of pacing leads and catheters. 


DAIG CORPORATION and DAIG/MEDCOR are 
two companies working together to provide an 
innovative change of pace. 





Bayer Aspirin 


t 


For reducing the risk of transient ischemic attacks 
or stroke in men who have had transient ischemia or: 
the brain due to fibrin platelet emboli 


THE DAWN 
OF A NEW ERA 
IN PREVENTIVE 
MEDICINE 


Recently, an official government bulletin 
indicated that the following professional 
guideline labeling will be published: 









There is evidence that aspirin is safe and effec- 
tive for reducing the risk of recurrent transient 
ischemic attacks or stroke in men who have had 
transient ischemia of the brain due to fibrin 
platelet emboli. 

There is no evidence that aspirin is effective 
in reducing TIA's in women, or is of benefit in the 
treatment of completed strokes in men or women. 

Patients presenting with signs and symptoms 
of TIAs should have a complete medical and 
neurologic evaluation. 

Consideration should be given to other dis- 
orders which resemble TIAs. 

It is important to evaluate and treat, if appro- 
priate, other-diseases associated with TIAs and 
stroke, such as hypertension and diabetes. 

The recommended dosage for this new indi- 
catión is 1,300 mg/day (650 mg twice/day or 
25 mg four times a day). 





























Prostaglandin inhibition— 
the key to aspirins success 


With the ability of aspirin to reduce the risk of recur- 
rent TIAs and stroke clearly demonstrated in two 
major multicenter studies? physicians throughout 
the country can now provide their own TIA patients 
with the prophylactic benefits of Bayer Aspirin. 


At the same time, important new research is 
being conducted to determine the full scope of 
aspirin benefits in vascular disease...and in many 
other disorders involving prostaglandin synthesis. 


It has become apparent that many of aspirins 
therapeutic effects —including its analgesic, anti- 
oyretic, anti-inflammatory and antithrombotic 
actions, can be traced entirely, or in part, to its 
ability to inhibit prostaglandin formation. 

Prostaglandins are produced by every organ 
in the body with far reaching effects? In vascular 
disease, for example, it is the excess production 


of the prostaglandin derivative, thromboxane A», 


that can ultimately lead to embolus formation. 
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Cross-section of artery —artist s interpretation of 
circulating platelets encountering area of erosion in arterial wall. 





SUBENDOTHELIUM TISSUE 


Cerebrovascular clot formation begins when 
platelets circulating in the blood encounter an area 
of vascular erosion (usually predisposed by athero- 
sclerosis)...with its exposed subendothelial tissue 
and collagen. 
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Through a complex series of prostaglandin 

interactions, a platelet collagen reaction takes 

A-  place-first provoking platelet adhesion, then stimu- 

lating a self-perpetuating process of secretion, and 
finally, aggregation. 





By inhibiting platelet cyclo-oxygenase, an enzyme 
that mediates prostaglandin formation, aspirin in- 
hibits thromboxane synthesis, prevents adhesion 
and thrombus formation and precludes thrombus 
dislodgment and subsequent TIA or stroke. 
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Bayer Aspirin and 
continuing investigations 


Of the large number of pharmaceutical agents 
capable of altering platelet function, only aspirin 
has been shown to produce effects that are irre- 
versible for the life of the platelet 4 

Thus, the use of aspirin is being intensively 


investigated in a number of possible new clinical - 
areas in which its antiplatelet, prostaglandin- - 


inhibiting effects may be beneficial. 

Not surprisingly, Bayer Aspirin has been the 
aspirin chosen for a large number of past and 
present studies. Bayer Aspirin actually exceeds 
U. S.P. requirements in critical areas such as aspirin 
content per tablet, disintegration time and free 
salicylic acid content. Over 100 quality-control tests 
help assure that the therapeutic dose recom- 
mended is the dose patients receive. 

The Bayer Company is pleased not only to lend 


its continuing support to wide-ranging investiga- — 


tional studies, butto provide the medical community 
with comprehensive services and materials con- 
cerning aspirin. 

The ability to reduce the risk of TIA or stroke 
with a drug as widely accepted, well tolerated and 
inexpensive as Bayer Aspirin, certainly represents 
the dawn of a new era in preventive medicine. 





1. Fields, W.S. et al.: Stroke 8:301 (May/June) 1977. 

2. Ihe Canadian Cooperative Study Group: N. Engl. J. Med. 
229:54 (July 13) 1978. 

3. Robinson, D.W.: Resident & Staff Phys: 25:92 (Feb) 1979. 

4. Fields, W.S. Drugs 18:150, 1979. 








Bayer Aspirin 
purit y...qualit y...stabilit 


The Bayer Company 
Glenbrook Laboratories, A Division of Sterling Drug Inc. 
90 Park Avenue, New York, New York 10016 
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"Cardiologists are always amazed J 
‘at how much more information 
our Cinegram films give them..." 


"I'll never forget what one cardiologist tol 
me when we finished a test program at hi 
facility 

“It was late December. We had been 
there for the better part of two days, test- 
ing every part of his system... everything 
from the radiation source to the projector 

. So that we could match our system to 
the unique characteristics of his system. 

"We had run our usual series of phan- 
tom tests to assure ourselves that we were 
on target with the special type of image 
quality the cardiologist told us he favored 
And the film from our first patient test had 
just come out of the processor . . . ready 
for diagnostic evaluation. 

"| watched silently as the cardiologist 
scrutinized our cineradiograph. Then he 
turned, beamed, and said ... You've just; 
given me the best Christmas present l've 
ever had. There's more detail here than 
I've ever seen before. 

“It's moments like that that make this job 
so rewarding ... and that tell me our ap- 
proach to cineradiography is the right 
one. 

"We never start with preconceptions 
about the client s needs. We prefer to ask 
the diagnostician to tell us what image 
improvements he or she wants. And we ve 
also learned that our recommendations 
on how to achieve that image will differ 
greatly . .. depending on the exact com- 
bination of cineradiographic equipment in 
place at the facility. 

"Taking this approach requires that all 
our people be thoroughly trained 
cineradiography specialists. It also re- 
quires that we have more than just one film! 
and chemistry to work with. And we do. 
We have two ILFORD Cinegram films . . . 
each with different characteristics . .. and 
two developers to let us fine tune the 
image even further. And, of course, we 
always set up a complete quality control 
program to keep that image constant. 

"As | see it, our goal is to give superior 
diagnostic information to the cardiologist. 
And absolutely everything we do Is 
directed to that goal." 

To learn more about the ILFORD 
Cinegram System, call or write... 
ILFORD Inc., Medical Imaging Division, 
West 70 Century Road, Paramus, N.J. 
07652. (201) 265-6000. 


ILFORD 


For For MMIEOH ME 
who really care about quality. 
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L 
Chalmers Wise 


: ' 
j 
J : rmt Manager, Cinegram Products 
Ze—s— Medical Imaging Division 














American Egg Board 





Research Grants 


for support of studies on the role of eggs in 
human nutrition and related basic problems. 


Grants-in-aid for research 
projects will be made to non- 
profit institutions. Awards will 
be made on the basis of scien- 
tific excellence and perti- 
nence to the research pro- 
gram of the American Egg 
Board and are subject to ap- 
proval of the United States 
Department of Agriculture. 
The primary objective of this 
research program is to inves- 
tigate the role of eggs in 
human nutrition. The pro- 
gram is not limited to clinical 
nutrition, but preference will 
be given to investigations in 
human subjects. Relevance of 
animal models to man must 
be amply justified to merit 
funding of such animal 
studies. Applicants must pos- 
sess either the Ph.D. or M.D. 
degree. 


The proposals submitted to 
the American Egg Board will 
be reviewed by a Scientific 
Review Panel for scientific 
excellence in competition 
with each other. This commit- 
tee, serving as a study section, 
Will critically review each ap- 
plication and record approval 
or disapproval. Those ap- 
proved will be ranked accord- 
ing toa priority number rang” 


A Scientific Review Panel will 
be selected from a group of 
scientists active in biomedical 
fields relevant to the research 
program of the American Egg 
Board. Members of the panel 
that reviewed 1980 grants 
applications were: 


Elliot Rapaport, M.D. 
Chairman 

Professor of Medicine 
University of California, 
San Francisco 

San Francisco 

General Hospital 


Edwin L. Bierman, M.D. 
Professor of Medicine 
University of Washington 
School of Medicine 
Seattle 


Jack Geer, M.D. 
Professor of Pathology 
University of Alabama at 
Birmingham 


Tavia Gordon, A.B. 
Consultant 
Silver Spring, Maryland 


Antonio Gotto, M.D. 
Professor of Medicine 
Baylor College of 


Scott Grundy, M.D. 
Professor of Medicine 
University of California, 
LaJolla and Veteran's 
Administration Hospital 


Victor Hawthorne, M.D. 
Chairman 

Epidemology Department 
University of Michigan 
School of Public Health 


Ralph Holman, Ph.D. 
Professor of Biochemistry 
and Director of Hormel 
Institute 

University of Minnesota 


Robert Shank, M.D. 
Professor of 
Preventive Medicine 
Washington University 
School of Medicine 


Application Deadline: 
October 1, 1980 


For further information 
write or call: 


Mr. Louis B. Raffel 
Executive Vice President 
American Egg Board 
1460 Renaissance Drive 
Suite 301 

Park Ridge, IL 60068 








ing from 1 (highest) to 10 Medicine Telephone (312) 296-7044 
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| from CPI. 
The first phase in our 


pacing program for 
the future. 


> 
MICROTHIN-1 affords you traditional CPI,, reliability jug 
important patient benefits, including l 
9 
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Unipolar or Bipolar Option 


MICROTHIN-D1 gives you the best features available in ventricular 

demand pacing . . . unexcelled reliability after seven'years of lithium 
pacing experience, plus carefully engineered prodüct refinements 
developed through CPI's dedication to pacing perfection. 


\vailabie in Models 0520 Unipolar and 0620 Bipolar 


MICROTHIN-P 1 is the programmable ventricular demand pace- 
maker that sets the standard for easy programming and follow-up 
EASY TO PROGRAM: It's a challenge to design a programming 

system that's easy to use, But CPI turns challenge into precedent 
setting products and thus MICROTHIN-P1 is unequalled in program: 


ming ease. A programming Sequence is completed in just 2.5 
seconds. 


EASY TO FOLLOW-UP. We ve simplified yourfollow-up routine by 
taking the inaccuracy out of the replacementándicator. You don't 


need to trust calculations based on last programmed rate, length of 
implant, or output voltage. For all your patents, simply replace 
MICHOTHIN-P 1 at à magnet rate of BY ppm 


PATIENT-OHIENTED OPTIONS. MICHROTHIN-P 1 provides 90 


rates between 30 and 119 


20 odiput choices from low diagnostic 
to high output 


so your care fof each patient can be individualized 
Available in Models 0522 Unipolar and 0622 Bipolar 
[here's 


more to come! Contact vour sales representative for details 
And keep in contaclé the future with MICROTHIN has just begun. 


2-YEAR WARRANTY EXTENSION 
NOW AVAILABLE! 


Due to the excellent performance 
Ihe CPI Porous Tip Lead, we are i 
granting a? year Pulse General 

Warranty Extension when you it 
plant any MICHOTHIN or MICI 
LITH? pulse generator with a 

Porous Tip lead 566 you 


Seles Hepresentalive for de 


Carlia Pacemakers. Irv 


A100 North Hamline Avenue 
FPO Rox 43079 


it Paul Minnesola 55164. U SA 
lelephone. (612) 631-3000 

Toll Free: (800) 328-9588 
WERE DEFINING THE FUTURI 
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the other half watches the clock. 


] At Clinical Data, we review tapes 24 hours a day, 
EVRE seven days a week on over a dozen systems. 
wu xa AA Saturday nights are reserved for system main- 
tenance. We have installed remote printers in 
seven U.S. cities (with more scheduled) 
that allow us to transmit reports cross 
country in a matter of minutes. We 
process thousands of tapes a month. 
To Keep all of that happening, we've 
organized. 
Our expediting department is ona 
first name basis with key personnel 
at major courier and postal offices 
mS, > | nationwide. Working with each new 
SRE. ey NO customer, they define pick-up and 
SSSR JE delivery priorities, establish sched- 
ules, and evaluate performance. 
We enter every incoming tape 
into our computerized tracking 
system. We can tell in an instant 
where it's from, when it arrived, 
N who delivered it, when it's been 
4. examined, by whom, and how and 
JM when it should be delivered. 
^ We've prepared a sample LCG 
Report and a brochure that describes 
in step-by-step detail how we can 
convert a 24-hour ECG recording into a 
24-hour LCG Report and deliver it on time 
anywhere in the U.S.— often within 24-hours. 
50 call us toll-free at 800-225-9180: We'll 
prove to you that our commitment is to long- 
term recording and short-term delivery. 
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Clinical Data, Inc. 
1371 Beacon Street, Brookline, MZ. 02146 
Toll-free: 800-225-8180 
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For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


rj Greater Gi tolerance 
than with quinidine sulfate 
G Full quinidine cardiodynamics 
g Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalac'uronate) are indi- 
cated ir the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or eleciroconversion — 
only iow b.i.d. or t.i.d. dosage of this unique polygalacturonate 
Salt of quinidine is required for maintenance in mcst cases. 
The polygalacturonic acid serves as a buffering moiety. it pro- 
tects the mucosa of the stomach and permits dependable 
abs: :ption ofthe quinidine.” 


|o ‘Ayindo.-D, Ma Krantz and Cars Phartnacologic MAS of Medical 
Pgotica, ed. 8, Baltimore. Williams and Wilkins Co , 1972, p. 456. 


BRIEF SUMMARY-—INDICATIONS: CAROIOOUI^. Tablets (quini 
polyga'acturonate) are indicated in the treatment of: premature < 
and ventricular contractions; paroxysmai atrial tachycardia; parc 
ma! AV junctional rhythm: atrial flutter; paroxysmal atrial fibrilla 
established atrial fibrillation when therapy is appropriate; paroxy: 
ventricular tachycardia when not associated with complete h 
block; meintenance therapy êfter electrical conversion of atri^! f 
lation and/or flutter. SON: RAINDICATIONS: Aberrant impu!:.cs 
abnormal rhythms due to escape mechanisms should not b. t-e 
with quinidine. WARNING: in the treatment of atrial flutter reve: 
to sinus rhythm rady be preceded by a progressive reduction | 
degree ot AV block to a 1:1 ratiy and resulting sxtremely rapir 
tricular rate. COMPOSITION: Gach CARDIOQUIN Tablet (qui 
polygalacturonate 275 mg.) is equivalent in quinidine conte^ 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: 1. 
must be adjusted to individuai needs, boti for conversion and n 
tenance, An initial dose of 1 to 3 tablets. may be used to termi 
arrhythmias, and may bs repeated In 3-4 hours. If normal sinus rh 
is not restored after ô or 4 equal doses, the dose may be ircre 
by Y? to 1! tabiet (137.5 to 275 me.) nnd administered threa to 
times befora any further dosage increase. For mainte’ aiice, 
tablet may be used two to three times a day; generali; one t. 
morning and night will be adequate. SUPPLIED: Uncoaten, sc 
tablets in bottles oi 100. 


Purdue Frederick 
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